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(54) Communication terminal apparatus, communication control apparatus, wireless
communication system, and resource allocation request method
(57) A communication terminal apparatus requests

resource allocation to a communication control appara-
tus without allocating any dedicated resource for re-
source request. The communication terminal apparatus
is applied to a wireless communication system in which
the communication control apparatus allocates resourc-
es used when a communication terminal apparatus 200
performs wireless transmission to a communication con-
trol apparatus 100. The communication terminal appa-
ratus includes: a determination unit 210 determining
whether to make resource request to the communication
control apparatus 100; and a signal control unit 211 which
transmits a signal used to maintain time-frequency syn-
chronization with the communication control apparatus
100 to the communication control apparatus 100 accord-
ing to a first transmission procedure for maintaining the
synchronization, while transmitting the signal to the com-
munication control apparatus 100 according to a second
transmission procedure indicating resource request

when the determination unit 210 has determined to make
resource request.
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Description
Technical Field

[0001] The presentinvention relates to a communica-
tion terminal apparatus, a communication control appa-
ratus, a wireless communication system, and a resource
allocation request method which are applied to a wireless
communication system in which the communication con-
trol apparatus allocates resources used when the com-
munication terminal apparatus performs wireless trans-
mission to the communication control apparatus.

Background Art

[0002] In 3GPP (3rd Generation Partnership Project),
W-CDMA (Wideband-Code Division Multiple Access)
has been standardized as an RAT (Radio Access Tech-
nology) of a 3rd generation cellular mobile communica-
tion system and has come into service in order (Non-
Patent Document 1). Furthermore, the evolution of a 3rd
generation RAT (Evolved Universal Terrestrial Radio Ac-
cess (EUTRA)) and the evolution of a 3rd generation RAT
access network (Evolved Universal Terrestrial Radio Ac-
cess Network (EUTRAN)) are investigated (Non-Patent
Document 2).

[0003] In EUTRA, three states which are a detached
state, an idle state, and an active state are now consid-
ered as states of a mobile station (user equipment (UE)).
The detached state is a state where a base station (node
B (NB)) does not recognize the existence of a mobile
station because the mobile station is just after power-on,
just after transition to a different RAT, or the like. The idle
state is a state where a base station recognizes the ex-
istence of a mobile station, data communication is not
performed, the base station has allocated minimum
downlink resources for an incoming call to the mobile
station, and the mobile station is performing discontinu-
ous reception using the allocated resources. The active
state is a state where a base station recognizes the ex-
istence of a mobile station and data communication is
being performed between the base station and the mobile
station.

[0004] The active state includes a communication
mode (TX/RX mode), an discontinuous transmission/re-
ception mode (DTX/DRX mode), etc. The communica-
tion mode (TX/RX mode) is a state where a mobile station
is always communicating with a base station. The
DTX/DRX mode is, for example, a state where data is
not always transmitted and received as performing web
browse, but communication is performed at irregular in-
tervals or regular intervals.

[0005] When communication is performed between a
mobile station and a base station, uplink (UL) time-fre-
quency synchronization and downlink (DL) time-frequen-
cy synchronization are needed. Conversely, when the
mobile station is not in synchronization with the base sta-
tion, a control signal is exchanged between the mobile
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station and the base station, and the mobile station will
make a transmission after synchronizing with the base
station. Especially, in order to maintain the synchroniza-
tion in uplink transmission from the mobile station to the
base station, the mobile station needs to keep transmit-
ting a control signal, a pilot signal, or data to the base
station in a period when the synchronization can be main-
tained (e.g. every 500 msec at most) . Synchronization
between the mobile station and the base station is
achieved in such a way that the mobile station transmits
data, a control signal, or a pilot signal and thereby the
base station notifies the mobile station of a UL synchro-
nization difference and corrects it at any time in a period
when the synchronization can be maintained.

[0006] Inabasic UL scheduling method, a base station
does UL transmission path estimation (channel estima-
tion) and then informs, as a consequence, a mobile sta-
tion of the positions of time-frequency resources for UL
data to be transmitted and a UL scheduling grant desig-
nated by the mobile station. Specifically, in order to en-
able the transmission of UL data from the mobile station
tothe base station, the base station does UL transmission
path estimation (channel estimation) using a pilot signal
for UL CQI (Channel Quality Indicator) measurement re-
ceived from the mobile station and thereby performs
scheduling of which time-frequency resources to be
used. The result of the scheduling is transmitted being
includedin aresource allocation (UL Resource Allocation
(UL RA)) notified from the base station to the mobile sta-
tion. The result of the scheduling includes a UL sched-
uling grant and information which designates the posi-
tions of time-frequency resources used for UL data trans-
mission.

[0007] When the mobile station requests more re-
sources in addition to UL resources currently used (in
such a case that data has arrived at a transmission buffer
for UL or a new radio bearer is requested), the mobile
station has conventionally made resource request by the
following methods.

(1) A method by which a mobile station transmits a
UL Scheduling Request (resource allocation request
for transmitting UL data to a base station) to a base
station using a Synchronized Random Access Chan-
nel (S-RACH) (see Non-Patent Document 3) . This
method is referred to as "first method" hereinafter.
(2) A method by which resources for control signal
transmission have been allocated to each mobile
station beforehand regardless of the amount of UL
data and a UL Scheduling Request is transmitted
using resources for control signal transmission when
data has arrived at a transmission buffer for UL. This
method is referred to as "second method" hereinaf-
ter.

[0008] 1 Fig. 27 is a block diagram showing a sche-
matic configuration of a conventional base station. When
a base station 100 has received packet data destined for
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a mobile station 200 from a higher-level network node
(e.g. a SGSN (Serving GPRS Support Node), an RNC
(Radio Network Control), or the like in a W-CDMA sys-
tem, which are not shown in the figure), the base station
100 stores the packet data in a base station transmission
data buffer (not shown).

[0009] Downlink transmission data from the transmis-
sion data buffer is input to a channel coding unit 107.
Furthermore, downlink AMC information (including a
downlink AMC mode, downlink mobile station allocation
information (downlink scheduling information), etc.)
which is an output signal of a scheduling unit 110 is input
to the channel coding unit 107. The channel coding unit
107 performs the processing of coding the downlink
transmission data using the downlink AMC mode (e.g. a
turbo code whose coding rate is 2/3) defined by the down-
link AMC information, and its output is input to a control
data insertion unit 108.

[0010] Downlink control data includes control data of
adownlink pilot channel DPCH, a downlink common con-
trol channel CCCH, and a downlink synchronization
channel SNCH. The downlink control data is input to the
control data insertion unit 108 where control data map-
ping of the downlink common control channel CCCH is
performed.

[0011] On the other hand, the downlink AMC informa-
tion (an AMC mode, downlink scheduling information,
etc.) decided by the scheduling unit 110 is input to the
control data insertion unit 108 where control data map-
ping of a downlink shared control signaling channel SC-
SCH is performed.

[0012] The output of the control data insertion unit 108
on which the downlink common control channel CCCH,
the downlink shared control signaling channel SCSCH,
and a downlink shared data channel SDCH have been
mapped is sent to an OFDM modulation unit 109. The
OFDM modulation unit 109 performs OFDM signal
processing such as data modulation, serial-parallel con-
version of an input signal, multiplication of a spread code
and a scrambling code, IFFT (Inverse Discrete Fourier
Transform), CP (Cyclic Prefix) insertion, and filtering, and
generates an OFDM signal. Furthermore, the downlink
AMC information from the scheduling unit 110 is input to
the OFDM modulation unit 109, which controls data mod-
ulation (e.g. 16QAM) of each subcarrier. Then, the OFDM
modulation unit 109 generates a radio frame, which is
converted to an RF (radio frequency) band by the trans-
mission circuit of a wireless unit 102, and a downlink sig-
nal is transmitted through an antenna 101.

[0013] On the other hand, an uplink signal transmitted
from the mobile station 200 is received by the antenna
101, converted from an RF frequency to an IF or directly
to a baseband by the receiving circuit of the wireless unit
102, and input to a demodulation unit 103.

[0014] Anuplink channel estimation unit 104 estimates
the propagation channel quality of individual uplink chan-
nel of each mobile station 200 using an uplink pilot chan-
nel UPCH for CQI measurement and calculates uplink
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propagation channel quality information CQI. The calcu-
lated uplink CQI information is input to the scheduling
unit 110. Then, uplink AMC information (an uplink AMC
mode, uplink scheduling information, etc.) which is an
output of the scheduling unit 110 is input to the control
data insertion unit 108, mapped on the downlink shared
control signaling channel SCSCH, and transmitted to an
appropriate mobile station 200. Furthermore, the uplink
channel estimation unit 104 estimates a propagation
channel of uplink data by using a pilot for data demodu-
lation, and the demodulation unit 103 demodulates the
data.

[0015] The appropriate mobile station 200 transmits
packet data according to an uplink AMC mode and uplink
scheduling information which have been decided accord-
ing to the uplink AMC information which is an output of
the scheduling unit 110. The uplink signal of the packet
data is input to the demodulation unit 103 and a channel
decoding unit 106. On the other hand, the uplink AMC
information which is an output of the scheduling unit 110
is also input to the demodulation unit 103 and the channel
decoding unit 106, and demodulation (e.g. QPSK) and
decoding processing (e.g. a convolution code whose
coding rate is 2/3) of the uplink signal are performed ac-
cording to this information.

[0016] A control data extraction unit 105 extracts con-
trol information of an uplink contention base channel
UCBCH and an uplink shared control signaling channel
USCSCH. Furthermore, the control data extraction unit
105 extracts downlink channel propagation channel qual-
ity information CQlI of the mobile station 200 transmitted
through the uplink shared control signaling channel USC-
SCH and inputs it to the scheduling unit 110, which then
generates downlink AMC information.

[0017] Uplink CQI information from the uplink channel
estimation unit 104, downlink CQI information from the
control data extraction unit 105, and downlink/uplink
transmission data buffer information, uplink/downlink
QoS (Quality of Service) information, various service
class information, mobile station class information, mo-
bile station identification information, etc. of each mobile
station from a base station control unit (not shown) are
input to the scheduling unit 110.

[0018] Then, the scheduling unit 110 generates uplink/
downlink AMC information according to a selected
scheduling algorithm, at a designated or calculated cent-
erfrequency, using these inputinformation, and achieves
packet data transmission/reception scheduling.

[0019] Fig. 28 is a block diagram showing a schematic
configuration of a conventional mobile station. The mo-
bile station 200 receives a downlink OFDM signal at an
antenna 201 first, converts the downlink reception signal
from an RF frequency to an IF or directly to a baseband
by a local RF frequency oscillating circuit (synthesizer),
a down-converter, a filter, an amplifier, etc. of a wireless
unit 202, and inputs it to an OFDM demodulation unit
203. A downlink channel estimation unit 204 estimates
the propagation channel quality of an individual downlink
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channel of each mobile station 200 using a downlink pilot
channel DPCH (using a downlink common pilot channel
DCPCH, a downlink individual pilot channel DDPCH, or
the combination thereof) and calculates downlink prop-
agation channel quality information CQI. The calculated
downlink CQI information is input to a control data inser-
tion unit 208, mapped on an uplink shared control sign-
aling channel USCSCH, and transmitted to the base sta-
tion 100. Furthermore, the channel estimation unit 204
of the mobile station periodically measures a downlink
pilot channel DDPCH, calculates downlink propagation
channel quality information CQl, and feeds it back to the
base station through the control data insertion unit 208.
[0020] The OFDM demodulation unit 203 performs
OFDM signal demodulation processing such as removal
of CPs (Cyclic Prefixes) of an input signal, FET (Discrete
Fourier Transform), multiplication of a spread code and
a scrambling code, serial-parallel conversion, data de-
modulation, and filtering, generates demodulated data,
and inputs it to a control data extraction unit 205.
[0021] The control data extraction unit 205 extracts
downlink channel control information (downlink access
information, broadcast information, etc.) other than a
downlink shared data channel SDCH. Furthermore, the
control data extraction unit 205 extracts downlink AMC
information (a downlink AMC mode, downlink scheduling
information, etc.) mapped on a downlink shared control
signaling channel SCSCH, and outputs it to the OFDM
demodulation unit 203 and a channel decoding unit 206.
Furthermore, the control data extraction unit 205 extracts
uplink AMC information (an uplink AMC mode, uplink
scheduling information, etc.) mapped on the downlink
shared control signaling channel SCSCH, and outputs it
to a modulation unit 209 and a channel coding unit 207.
[0022] The OFDM demodulation unit203 performs de-
modulation of subcarriers using an AMC mode (e.g.
16QAM) defined by the downlink AMC information. The
channel decoding unit 206 performs decoding of packet
data destined to the own station mapped on the downlink
shared data channel SDCH, using an AMC mode (e.g.
a turbo code whose coding rate is 2/3) defined by the
downlink AMC information.

[0023] Uplink transmission data which is individual
packet data of the mobile station 200 is input to the chan-
nel coding unit 207, which encodes the uplink transmis-
sion data using uplink AMC information (e.g. a convolu-
tion code whose coding rate is 2/3) which is output from
the control data extraction unit 205, and outputs the en-
coded data to the control data insertion unit 208.
[0024] The control data insertion unit 208 maps down-
link CQI information from the downlink channel estima-
tion unit 204 onto an uplink shared control signaling chan-
nel USCSCH included in an uplink scheduling channel
USCH, and maps an uplink contention base channel
UCBCH and the uplink scheduling channel USCH onto
an uplink transmission signal.

[0025] The modulation unit 209 performs data demod-
ulation using uplink AMC information (e.g. QPSK) which
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is output from the control data extraction unit 205, and
outputs the modulated data to the transmission circuit of
the wireless unit 202. For the modulation of an uplink
signal, an OFDM signal or an MC-CDMA signal may be
used and a single carrier SC signal or a VSCRF-CDMA
signal may be used to reduce PAPR.

[0026] A control unit 210 has mobile station class in-
formation, natural frequency bandwidth information, and
mobile station identification information. The control unit
210 sends a control signal sifting to a designated or cal-
culated center frequency to the wireless unit 202, which
performs center frequency shifting using the local RF fre-
quency oscillating circuit (synthesizer) of the wireless unit
202.

[0027] A baseband signal is converted to an RF fre-
qguency band signal by the local RF frequency oscillating
circuit (synthesizer), up-converter, filter, amplifier, etc. of
the wireless unit 202, and an uplink signal is transmitted
through the antenna 201. The wireless unit 202 includes
IF and REF filters corresponding to different frequency
bands (e.g. 1.25 MHz, 2.5 MHz, 5 MHz, 10 MHz, 20 MHz,
etc.). The various channels are described in Non-Patent
Document 4.

Non-Patent Document 1: "W-CDMA Mobile Communi-
cation System" by Keiji Tachikawa, Maruzen Co., Ltd,
First Edition issued on 25th June, 2001

Non-Patent Document 2: 3GPP TR25.814, "Physical
Layer Aspects for Evolved UTRA (Release 7)", v.7.0.0,
[online], [Retrieved on 24th July, 2006], Internet < http:
/lwww. 3gpp.org/ftp/ Specs/ archive/ 25_series/
25.814/25814-1 22.zip>

Non-Patent Document 3: R2-061962, "Resource Re-
quest in Synchronized Case", 3GPP TSG-RAN WG2
LTE Ad-hoc, 27th-30th June, 2006

Non-Patent Document 4: R1-050707, "Physical Chan-
nels and Multiplexing in Evolved UTRA Downlink", 3GPP
TSG RAN WG1 #42 on LTE London, UK

Disclosure of the Invention
Problems to be solved by the Invention

[0028] However, the first method needs to secure re-
gions of special random access channels for synchro-
nized mobile stations, and does not necessarily use re-
sources effectively when the frequency of use of the ran-
dom access channels is low. Furthermore, the first meth-
od uses random access which may collide with another
mobile station, thus having a problem of taking much time
for a procedure of requesting a new resource. Further-
more, the second method needs to always secure re-
sources for transmitting a control signal for each mobile
station, thus having a problem of being unable to use
resources effectively when the frequency of use of the
control signal is low. Thus, any of the methods has a
problem of not using UL resources effectively.

[0029] The present invention has been developed in
view of such circumstances and aims to provide a com-
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munication terminal apparatus, a communication control
apparatus, a wireless communication system, and a re-
source allocation request method, wherein the commu-
nication terminal apparatus is able to request resource
allocation to the communication control apparatus with-
out allocating any dedicated resource for resource re-
quest.

Means for solving the Problems

[0030] (1) In order to achieve the above object, the
present invention takes the following steps. In other
words, the communication terminal apparatus of the
present invention is a communication terminal apparatus
applied to a wireless communication system in which a
communication control apparatus allocates resources
used when the communication terminal apparatus per-
forms wireless transmission to the communication con-
trol apparatus, the communication terminal apparatus
having: a determination unit determining whether to
make resource request to the communication control ap-
paratus; and a signal control unit which transmits a signal
used to maintain time-frequency synchronization with the
communication control apparatus to the communication
control apparatus according to a first transmission pro-
cedure for maintaining the synchronization, while trans-
mitting the signal to the communication control apparatus
according to a second transmission procedure indicating
resource request when the determination unit has deter-
mined to make resource request.

[0031] Thus, the communication terminal apparatus is
able to notify the communication control apparatus of re-
source request by changing the procedure of transmitting
a signal used to maintain time-frequency synchronization
with the communication control apparatus, so that no
dedicated resource is needed for resource request and
therefore resources can be used effectively.

[0032] (2) Furthermore, in the communication terminal
apparatus of the present invention, the second transmis-
sion procedure is different from the first transmission pro-
cedure in transmission timing of the signal.

[0033] Thus, the communication terminal apparatus is
able to notify the communication control apparatus of re-
source request by changing the timing of transmitting a
signal used to maintain time-frequency synchronization
with the communication control apparatus, so that no
dedicated resource is needed for resource request and
therefore resources can be used effectively.

[0034] (3) Furthermore, in the communication terminal
apparatus of the present invention, the second transmis-
sion procedure is different from the first transmission pro-
cedure in part of frequency components of the signal.
[0035] Thus, the communication terminal apparatus is
able to notify the communication control apparatus of re-
source request by changing part of the frequency com-
ponents of a signal used to maintain time-frequency syn-
chronization with the communication control apparatus,
so that no dedicated resource is needed for resource
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request and therefore resources can be used effectively.
[0036] (4) Furthermore, in the communication terminal
apparatus of the present invention, the second transmis-
sion procedure is different from the first transmission pro-
cedure in an orthogonal code used when the signal is
multiplexed using an orthogonal code.

[0037] Thus, the communication terminal apparatus is
able to notify the communication control apparatus of re-
source request by changing an orthogonal code used
when a signal used to maintain time-frequency synchro-
nization with the communication control apparatus is mul-
tiplexed using the orthogonal code, so that no dedicated
resource is needed for resource request and therefore
resources can be used effectively.

[0038] (5) Furthermore, in the communication terminal
apparatus of the present invention, the second transmis-
sion procedure is different from the first transmission pro-
cedure in phases of the signal.

[0039] Thus, the communication terminal apparatus is
able to notify the communication control apparatus of re-
source request by changing the phase of a signal used
to maintain time-frequency synchronization with the com-
munication control apparatus, so that no dedicated re-
source is needed for resource request and therefore re-
sources can be used effectively.

[0040] (6) Furthermore, in the communication terminal
apparatus of the present invention, the signal is a pilot
signal.

[0041] Thus, the communication terminal apparatus is

able to notify the communication control apparatus of re-
source request by changing the procedure of transmitting
a pilot signal without using any dedicated resource allo-
cated to make a source request, so that no dedicated
resource is needed for resource request and therefore
resources can be used effectively.

[0042] (7)Furthermore, the communication control ap-
paratus of the present invention has: a detection unit de-
tecting that the signal has been transmitted according to
the second transmission procedure when receiving the
signal from the communication terminal apparatus of any
of claims 1 to 6; and a scheduling unit performing sched-
uling for allocating new resources to the communication
terminal apparatus when the detection unit has detected
that the signal has been transmitted according to the sec-
ond transmission procedure.

[0043] Thus, the communication terminal apparatus is
able to notify the communication control apparatus of re-
source request by changing the procedure of transmitting
a signal used to maintain time-frequency synchronization
with the communication control apparatus, so that no
dedicated resource is needed for resource request and
therefore resources can be used effectively.

[0044] (8) Furthermore, the wireless communication
system of the present invention has: the communication
terminal apparatus of any of claims 1 to 6; and the com-
munication control apparatus of claim 7

[0045] Thus, the communication terminal apparatus is
able to notify the communication control apparatus of re-
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source request by changing the procedure of transmitting
a signal used to maintain time-frequency synchronization
with the communication control apparatus, so that no
dedicated resource is needed for resource request and
therefore resources can be used effectively.

[0046] (9) Furthermore, the resource allocation re-
quest method of the present invention is a resource al-
location request method applied to a wireless communi-
cation system in which a communication control appara-
tus allocates resources used when a communication ter-
minal apparatus performs wireless transmission to the
communication control apparatus, wherein: the commu-
nication terminal apparatus transmits a signal used to
maintain time-frequency synchronization between the
communication terminal apparatus and the communica-
tion control apparatus to the communication control ap-
paratus according to a first transmission procedure for
maintaining the synchronization, while transmitting the
signal to the communication control apparatus according
to a second transmission procedure indicating resource
request when requesting the resources; and the commu-
nication control apparatus detects that the signal has
been transmitted according to the second transmission
procedure when receiving the signal from the communi-
cation terminal apparatus, performs scheduling for allo-
cating new resources to the communication terminal ap-
paratus, and notifies the communication terminal appa-
ratus of the result of the scheduling.

[0047] Thus, the communication terminal apparatus is
able to notify the communication control apparatus of re-
source request by changing the procedure of transmitting
a signal used to maintain time-frequency synchronization
with the communication control apparatus, so that no
dedicated resource is needed for resource request and
therefore resources can be used effectively.

Effect of the Invention

[0048] According to the presentinvention, the commu-
nication terminal apparatus is able to notify the commu-
nication control apparatus of resource request by chang-
ing the procedure of transmitting a signal used to maintain
time-frequency synchronization with the communication
control apparatus, so that no dedicated resource is need-
ed for resource request and therefore resources can be
used effectively.

Brief Description of the Drawings
[0049]

Fig. 1 shows an example of a configuration of a sub-
frame;

Fig. 2 shows an example of arrangement of trans-
mission data in distributed transmission;

Fig. 3 shows an example of arrangement of trans-
mission data in localized transmission;

Fig. 4 is a block diagram showing a schematic con-
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figuration of a base station;

Fig. 5 is a block diagram showing a schematic con-
figuration of a mobile station;

Fig. 6 is a flow chart showing an example of the op-
eration of resource request, the left of the figure
shows an example of the operation of the mobile
station, and the right of the figure shows an example
of the operation of the base station;

Fig. 7 is a sequence diagram showing an example
of a change of a pilot signal according to a UL re-
source request in the first embodiment;

Figs. 8A-8C show example of resource utilization in
the case that part of time-frequency resources se-
cured to transmit a pilot signal is not transmitted; Fig.
8A is an example where the resources are divided
into two regions, Fig. 8B is an example where the
resources are divided into four regions, and Fig. 8C
is an example where the resources are divided into
four regions different from Fig. 8B;

Fig. 9 is a sequence diagram showing an example
of a change of a pilot signal according to a UL re-
source request in the second embodiment;

Fig. 10A-10D show example of resource utilization
in the case that part of time-frequency resources se-
cured to transmit a pilot signal is not transmitted: Fig.
10A is an example of using all bands as transmission
bands in the order of not-transmitted / transmitted /
not-transmitted / transmitted in the time direction,
Fig. 10B is an example of using all bands as trans-
mission bands in the order of not-transmitted / trans-
mitted / transmitted in the time direction, Fig. 10C is
an example of using all bands as transmission bands
in the order of not-transmitted / not-transmitted /
transmitted in the time direction, and Fig. 10D is an
example of using all bands as transmission bands
by dividing the region as in the order of not-transmit-
ted / transmitted;

Fig. 11 is a sequence diagram showing an example
of a change of a pilot signal according to a UL re-
source request in the third embodiment;

Fig. 12 is a sequence diagram showing an example
of a change of a pilot signal according to a UL re-
source request in the fourth embodiment;

Fig. 13 is a sequence diagram showing an example
of a change of a pilot signal according to a UL re-
source request in the fifth embodiment;

Fig. 14 shows an example of a state in the frequency
direction of resources for transmitting a pilot signal
of the fifth embodiment, the upper part shows a state
at usual pilot signal transmission, and the lower part
shows a state at UL resource request;

Fig. 15 is a sequence diagram showing an example
of a change of a pilot signal according to a UL re-
source request in the sixth embodiment;

Fig. 16 shows an example of a state in the frequency
direction of resources for transmitting a pilot signal
ofthe sixth embodiment, the upper part shows a state
at usual pilot signal transmission, and the lower part
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shows a state at UL resource request;

Fig. 17 is a sequence diagram showing an example
of a change of a pilot signal according to a UL re-
source request in the seventh embodiment;

Fig. 18 shows an example of a state in the frequency
direction of resources for transmitting a pilot signal
of the seventh embodiment, the upper part shows a
state at usual pilot signal transmission, and the lower
part shows a state at resource request;

Fig. 19 is a sequence diagram showing an example
of a change of a pilot signal according to a UL re-
source request in the eighth embodiment;

Fig. 20 shows an example of a state in the frequency
direction of resources for transmitting a pilot signal
of the eighth embodiment, the upper part shows a
state at usual pilot signal transmission, and the lower
part shows a state at resource request;

Fig. 21 is a sequence diagram showing an example
of a change of a pilot signal according to a UL re-
source request in the ninth embodiment;

Fig. 22 shows phase components of a pilot signal in
the ninth embodiment;

Fig. 23 shows phase components of a pilot signal in
the ninth embodiment;

Fig. 24 shows phase components of a pilot signal in
the ninth embodiment;

Fig. 25 shows phase components of a pilot signal in
the ninth embodiment;

Fig. 26 shows phase components of a pilot signal in
the ninth embodiment;

Fig. 27 is a block diagram showing a schematic con-
figuration of a conventional base station; and

Fig. 28 is a block diagram showing a schematic con-
figuration of a conventional mobile station.

Description of Notations
[0050]

100: Base station

101, 201: Antenna

102, 202: Radio unit

103: Demodulation unit

104, 204: Channel estimation unit
105, 205: Control data extraction unit
106, 206: Channel decoding unit
107, 207: Channel coding unit

108, 208: Control data insertion unit
109: OFDM modulation unit

110: Scheduling unit

111: Pilot signal detecting unit

200: Mobile station

203: OFDM demodulation unit

209: Modulation unit

210: Control unit

211: Pilot signal control unit

212: Baseband signal processing unit
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Best Modes for Carrying Out the Invention

[0051] Next, embodiments of the presentinvention will
be described with reference to the drawings. In the draw-
ings, the same notations are attached to components
and equivalent portions having the same configurations
or functions, and the description of the notations is omit-
ted. Furthermore, when two or more identical compo-
nents exist and are distinguished from each other, suf-
fixes are added to notations to distinguish the compo-
nents from each other. For example, a mobile station 200
or mobile stations 200 represent any one of two or more
mobile stations 200a to 200c or two or more mobile sta-
tions 200a to 200c, and when notations with a suffix are
used like a mobile station 200a (or a mobile station 200b),
two or more mobile stations are distinguished from each
other.

[0052] In the following description, a base station and
mobile stations which constitute a wireless communica-
tion system are used. However, the present invention
may be applied to a wireless communication system
which is composed of acommunication control apparatus
which receives resource request allocating resources
used for transmission of uplink data from communication
terminal apparatuses, and the communication terminals
which make resource request requesting allocation of
resources to the communication control apparatus allo-
cating the resources used for transmission of uplink data,
and performs any of the information transmission proce-
dures described in the following embodiments.

[0053] Fig. 1 shows an example of the configuration
of a subframe. A subframe is obtained by dividing a radio
frame with time concept. For example, Fig. 1 shows an
example of a 0.5 msec subframe. A subframe is consti-
tuted by two or more resource units arranged in the fre-
quency direction. The frequency bandwidth of the re-
source units is a band which is permitted to be used be-
forehand and supported by a base station, and is, for
example, 1.25 MHz, 1.6 MHz, or the like. Fig. 1 shows
an example of 1.25 MHz. The number of resource units
in a subframe is dependent on a frequency bandwidth
supported by the base station.

[0054] For example, when the frequency bandwidth of
resources units is 1.25 MHz in a base station using a 10
MHz band, the number of resource units in a subframe
is 8. A resource unit is composed of 6 long blocks (LBs),
two short blocks (SBs), and cyclic prefixes (CPs) posi-
tioned between them and at the head. Furthermore, in
Fig. 1, long blocks for data transmission are shaded, a
short block of a pilot for UL CQIl measurement is black-
ened, a short block of a pilot for data demodulation is
diagonally shaded, and cyclic prefixes are white on black.
[0055] The LBs are used to transmit UL data. The SBs
are used to transmit reference signals. Specifically, SB#1
is used to transmit a pilot signal for UL CQl measurement,
and SB#2 is used to transmit a pilot signal for data de-
modulation. Furthermore, the CPs are called guard in-
tervals, and are used to eliminate the influence of wave-
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form distortion caused by a multipath (multipath fading)
in radio propagation.

[0056] Resource request (UL Resource Request (UL
RR)) is made when resources are requested in addition
to UL resources currently used by a mobile station. For
example, UL RR is made in such a case that data has
arrived at a transmission buffer for UL, a new radio bearer
is requested, a DTX/DRX cycle is changed, resources
for a control signal are requested, a buffer status or a
traffic transmission rate is changed, or UL resources are
opened temporarily.

[0057] For example, VolP (Voice over Internet Proto-
col) supports a mode called a silent mode in which data
is not generated in such a case that a speaker has be-
come silent according to a codec in a kind of traffic con-
tinuously generating regular data. In this case, in a silent
period, effective use of resources becomes possible by
allocating resources to other users. When returning from
the silent mode, a mobile station needs to notify a base
station of the retuning by any control message. In this
case, resource request signal is needed. Furthermore,
when the mobile station enters the silent mode and does
not notify the base station of the entering by a control
signal in a data region, the mobile station may include
silent mode start request in the resource request signal.
[0058] Furthermore, when a mobile station adds a new
different service such as video streaming or WEB brows-
ing while receiving a service such as VolP, the mobile
station needs to request a new radio bearer. In this case
also, resource request signal is needed. Furthermore, in
low frequency sudden traffic such as WEB browsing, dis-
continuous transmission is performed in DTX mode, and
resource request signal is needed when the sudden traf-
fic is generated. Resources allocated by resource re-
quest by a pilot signal are resources for control signal
transmission or resources for UL data transmission.
[0059] In the present invention, it is assumed that a
mobile station uses an SC-FDMA (Single Carrier-Fre-
quency Division Multiple Access) system as a multiplex
system in the case that the mobile station performs UL
transmission to a base station. In this multiplex system,
two transmission methods which are a distributed trans-
mission method and a localized transmission method as
showninFigs. 2 and 3 are used. Fig. 2 shows an example
of arrangement of transmission data in a distributed
transmission method, and Fig. 3 shows an example of
arrangement of transmission data in a localized trans-
mission method. The distributed transmission method is
a method of transmitting subcarriers at regular intervals
in the frequency direction. The localized transmission
method is a method of transmitting subcarriers consec-
utive in the frequency direction. Since both of them are
single carrier transmission methods, the mobile station
is not able to perform distributed transmission and local-
ized transmission at the same time.

[0060] Fig. 4 is a block diagram showing a schematic
configuration of a base station, and Fig. 5 is a block di-
agram showing a schematic configuration of a mobile
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station. As shown in Fig. 4, the base station of this em-
bodiment is characterized with a pilot signal detecting
unit 111 in an uplink channel estimation unit 104, and the
mobile station of this embodiment is characterized with
a pilot signal control unit 211 in a control data insertion
unit 208. The processing procedure of the pilot signal
detecting unit 111 may be described using a flow chart
defined in Fig. 6 (right) . The processing procedure of the
pilot signal control unit 211 may be described using a
flow chart defined in Fig. 6 (left).

[0061] First, the base station 100 will be described.
The base station 100 shown in Fig. 4 has an antenna
101, awireless unit 102, ademodulation unit 103, a chan-
nel estimation unit 104, a control data extraction unit 105,
a channel decoding unit 106, a channel coding unit 107,
a control data insertion unit 108, an OFDM modulation
unit 109, a scheduling unit 110, and a pilot signal detect-
ing unit 111. These components will be described ac-
cording to the operation flow of the base station 100 ac-
cording to Fig. 4.

[0062] First, when the base station 100 has received
a packet data (downlink transmission data) destined to
the mobile station 200 from the higher-level network
node, the base station 100 stores the received packet
data in a transmission data buffer (not shown) in the base
station. The higher-level network node is, for example,
an SGSN (Serving GPRS Support Node) oran RNC (Ra-
dio Network Control) in a W-CDMA system, and is not
shown in Fig. 4. Downlink transmission data stored in the
transmission data buffer is input to the channel coding
unit 107. Furthermore, downlink AMC information which
is an output signal of the scheduling unit 110 is input to
the channel coding unit 107. The downlink AMC informa-
tion includes a downlink AMC mode, downlink mobile
station allocation information (downlink scheduling infor-
mation), etc.

[0063] The channel coding unit 107 performs the
processing of coding the downlink transmission data us-
ing the downlink AMC mode (e.g. a turbo code whose
coding rate is 2/3) defined by the downlink AMC informa-
tion, and outputs the encoded downlink transmission da-
ta to the control data insertion unit 108. Downlink control
data includes control data of a downlink pilot channel
DPCH, a downlink common control channel CCCH, and
a downlink synchronization channel SNCH. The down-
link control data is input to the control data insertion unit
108 where control data mapping of the downlink common
control channel CCCH is performed.

[0064] On the other hand, the downlink AMC informa-
tion (an AMC mode, downlink scheduling information,
etc.) decided by the scheduling unit 110 is input to the
control data insertion unit 108 where control data map-
ping of a downlink shared control signaling channel SC-
SCH is performed. The control data insertion unit 108
outputs downlink transmission data on which the down-
link common control channel CCCH, the downlink shared
control signaling channel SCSCH, and a downlink shared
data channel SDCH have been mapped to the OFDM
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modulation unit 109. The OFDM modulation unit 109 per-
forms OFDM signal processing such as data modulation,
serial-parallel conversion of an input signal, multiplication
of a spread code and a scrambling code, IFFT (Inverse
Discrete Fourier Transform), CP (Cyclic Prefix) insertion,
and filtering, to the downlink transmission data for which
coding processing and control data mapping have been
performed, and generates an OFDM signal. Further-
more, the downlink AMC information from the scheduling
unit 110 is input to the OFDM modulation unit 109, which
controls data modulation (e.g. 16QAM) of each subcar-
rier. Then, the OFDM modulation unit 109 generates a
radio frame, which is converted to an RF (radio frequen-
cy) band by the transmission circuit of the wireless unit
102, and a downlink signal is transmitted through the
antenna 101.

[0065] On the other hand, an uplink signal transmitted
from the mobile station 200 is received by the antenna
101, converted from an RF frequency to an IF or directly
to a baseband by the receiving circuit of the wireless unit
102, and input to the demodulation unit 103.

[0066] The channel estimation unit 104 estimates the
propagation channel quality of individual uplink channel
of each mobile station 200 using an uplink pilot channel
UPCH for CQI measurement and calculates uplink prop-
agation channel quality information (uplink CQl informa-
tion). The calculated uplink CQI information is output to
the scheduling unit 110. Furthermore, the channel esti-
mation unit 104 estimates a propagation channel of up-
link data and outputs the estimated propagation channel
to the demodulation unit 103. The demodulation unit 103
demodulates data based on the input estimated propa-
gation channel, and outputs demodulated data to the
control data extraction unit 105. Furthermore, the chan-
nel estimation unit 104 has the pilot signal detecting unit
111. The pilot signal detecting unit 111 detects UL RR
based on the uplink CQI information calculated by the
channel estimation unit 104, and notifying the scheduling
unit 110 of the UL RR. The details will be described later
using Fig. 6.

[0067] Uplink AMC information (an uplink AMC mode,
uplink scheduling information, etc.) generated by the
scheduling unit 110 is input to the control data insertion
unit 108, mapped on a downlink shared control signaling
channel SCSCH, and transmitted to an appropriate mo-
bile station 200. The uplink AMC information generated
by the scheduling unit 110 is notified to the appropriate
mobile station 200, which transmits packet data accord-
ing to an uplink AMC mode and uplink scheduling infor-
mation which have been decided according to the notified
uplink AMC information. The uplink signal of the packet
data transmitted by the mobile station is input to the de-
modulation unit 103 and the channel decoding unit 106.
Furthermore, the uplink AMC information which is an out-
put of the scheduling unit 110 is also input to the demod-
ulation unit 103 and the channel decoding unit 106. The
demodulation unit 103 and the channel decoding unit 106
perform demodulation (e.g. QPSK) and decoding
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processing (e.g. a convolution code whose coding rate
is 2/3) of the uplink signal according to the AMC informa-
tion input from the scheduling unit 110.

[0068] The control data extraction unit 105 extracts
control information of an uplink contention base channel
UCBCH and an uplink shared control signaling channel
USCSCH from data which has been input from the de-
modulation unit 103. Furthermore, the control data ex-
traction unit 105 extracts downlink propagation channel
quality information (downlink CQl information) of the mo-
bile station 200 transmitted through the uplink shared
control signaling channel USCSCH and inputs it to the
scheduling unit 110.

[0069] Uplink CQl information from the uplink channel
estimation unit 104, downlink CQlI information from the
control data extraction unit 105, and downlink/uplink
transmission data buffer information, uplink/downlink
QoS (Quality of Service) information, various service
class information, module station class information, mo-
bile station identification information, etc. (these informa-
tion is collectively referred to as "scheduling information"
inFig. 4) of each mobile station from a base station control
unit (not shown) are input to the scheduling unit 110. The
scheduling unit 110 generates uplink/downlink AMC in-
formation according to a selected scheduling algorithm,
at a designated or calculated center frequency, using
these input information, and achieves packet data trans-
mission/reception scheduling.

[0070] Next, the mobile station 200 will be described.
The mobile station 200 shown in Fig. 5 has an antenna
201, a wireless unit 202, an OFDM demodulation unit
203, a channel estimation unit 204, a control data extrac-
tion unit 205, a channel decoding unit 206, a channel
coding unit 207, a control data insertion unit 208, a mod-
ulation unit 209, a control unit 210, and a pilot signal
control unit 211. Furthermore, a baseband signal
processing unit 212 includes the above components ex-
cept the antenna 201 and the wireless unit 202. These
components will be described according to the operation
flow of the mobile station 200 according to Fig. 5.
[0071] The mobile station 200 receives a downlink
OFDM signal (downlink signal) by the antenna 201 first,
converts the downlink reception signal from an RF (radio
frequency) to an IF or directly to a baseband by a local
RF frequency oscillating circuit (synthesizer), a down-
converter, a filter, an amplifier, etc. of the wireless unit
202, and inputs it to the OFDM demodulation unit 203.
[0072] The downlink channel estimation unit 204 esti-
mates the propagation channel quality of an individual
downlink channel of each mobile station 200 using a
downlink pilot channel DPCH (using a downlink common
pilot channel DCPCH, a downlink individual pilot channel
DDPCH, or the combination thereof) and calculates
downlink propagation channel quality information (down-
link CQl information). The calculated downlink CQl infor-
mation is input to the control data insertion unit 208,
mapped on an uplink shared control signaling channel
USCSCH, and transmitted to the base station 100. Fur-
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thermore, the channel estimation unit 204 of the mobile
station periodically measures a downlink pilot channel
DDPCH, calculates downlink propagation channel qual-
ity information (downlink CQl information), and feeds it
back to the base station through the control data insertion
unit 208.

[0073] The OFDM demodulation unit 203 performs
OFDM signal demodulation processing such as removal
of CPs (Cyclic Prefixes) of an input signal, FFT (Discrete
Fourier Transform), multiplication of a spread code and
a scrambling code, serial-parallel conversion, data de-
modulation, and filtering, generates demodulated data,
and inputs it to the control data extraction unit 205.
[0074] The control data extraction unit 205 extracts
downlink channel control information (downlink access
information, broadcast information, etc.) other than a
downlink shared data channel SDCH. Furthermore, the
control data extraction unit 205 extracts downlink AMC
information (a downlink AMC mode, downlink scheduling
information, etc.) mapped on a downlink shared control
signaling channel SCSCH, and outputs it to the OFDM
demodulation unit 203 and the channel decoding unit
206. Furthermore, the control data extraction unit 205
extracts uplink AMC information (an uplink AMC mode,
uplink scheduling information, etc.) mapped on the down-
link shared control signaling channel SCSCH, and out-
puts it to the modulation unit 209 and the channel coding
unit 207.

[0075] The OFDM demodulation unit203 performs de-
modulation of subcarriers using an AMC mode (e.g.
16QAM) defined by the downlink AMC information. The
channel decoding unit 206 performs decoding of packet
data destined to the own station mapped on the downlink
shared data channel SDCH using an AMC mode (e.g. a
turbo code whose coding rate is 2/3) defined by the down-
link AMC information.

[0076] Uplink transmission data which is individual
packet data of the mobile station 200 is input to the chan-
nel coding unit 207, which encodes the uplink transmis-
sion data using uplink AMC information (e.g. a convolu-
tion code whose coding rate is 2/3) which is output from
the control data extraction unit 205, and outputs the en-
coded data to the control data insertion unit 208.
[0077] The control data insertion unit 208 maps down-
link CQlI information from the downlink channel estima-
tion unit 204 onto an uplink shared control signaling chan-
nel USCSCH included in an uplink scheduling channel
USCH, and maps an uplink contention base channel
UCBCH and the uplink scheduling channel USCH onto
an uplink transmission signal. Furthermore, the control
data insertion unit 208 has the pilot signal control unit
211. The pilot signal control unit 211 controls the opera-
tion of resource request (UL RR) based on an indication
from the control unit 210. The details will be described
below using Fig. 6.

[0078] The modulation unit 209 performs data modu-
lation using uplink AMC information (e.g. QPSK) which
is output from the control data extraction unit 205, and
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outputs the modulated data to the transmitter circuit of
the wireless unit 202. For the modulation of an uplink
signal, an OFDM signal or an MC-CDMA signal may be
used and a single carrier SC signal or a VSCRF-CDMA
signal may be used to reduce PAPR.

[0079] The control unit 210 has mobile station class
information, natural frequency bandwidth information,
and mobile station identification information. The control
unit 210 sends a control signal sifting to a designated or
calculated center frequency to the wireless unit 202,
which performs center frequency shifting using the local
RF frequency oscillating circuit (synthesizer) of the wire-
less unit 202. In addition, the control unit 210 executes
controls in the case that the mobile station requests re-
sources in addition to UL resources currently used. Re-
source request is made in such a case that data has
arrived at a transmission buffer for UL, a new radio bearer
is requested, a traffic transmission rate is changed, or
UL resources are opened temporarily, as described
above. The control unit 210 determines whether resourc-
es are necessary in addition to resources currently used
by the mobile station, and indicates the pilot signal control
unit 211 that resource request is made when determining
that additional resources are necessary.

[0080] A baseband signal is converted to an RF fre-
quency band signal by the local RF frequency oscillating
circuit (synthesizer), up-converter, filter, amplifier, etc. of
the wireless unit 202, and an uplink signal is transmitted
through the antenna 201. See Non-Patent Document 4
about the various channels.

[0081] In each of the following embodiments, the op-
eration of resource request (UL RR) in the wireless com-
munication system composed of the base station shown
in Fig. 4 and the mobile station shown in Fig. 5 will be
described. Fig. 6 is a flow chart showing an example of
the operation of resource request. The left of the figure
shows an example of the operation of the mobile station,
and the right of the figure shows an example of the op-
eration of the base station. The operation shown in Fig.
6 is an example, and the operation of resource request
and the operation of resource allocation will be described
using Fig. 6 in each of the following embodiments. How-
ever, the operation of each of the embodiments is not
limited to the operation shown in Fig. 6.

[0082] (First Embodiment)

The first embodiment will be described in detail with a
mobile station in a DTX/DRX mode as an example using
Fig. 7. In this embodiment, there is described one aspect
in which the transmission of a pilot signal is stopped and
resource request (UL RR) is performed. Fig. 7 is a se-
quence diagram showing an example of a change of a
pilot signal according to a UL resource request in the first
embodiment. Fig. 7 shows a sequence diagram of a mo-
bile station (UE) on the left side, and shows a sequence
diagram of a base station (NB) on the right side. In Fig.
7, long blocks for data transmission are shaded, short
blocks of a pilot for UL CQI measurement are blackened,
and short blocks of a pilot for data demodulation are di-
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agonally shaded. The same can be said in similar figures
used in the following embodiments. The operation of UL
RR will be described below using Figs. 6 and 7.

[0083] AsshowninFig.7,itis assumed that the mobile
station 200 in a DTX/DRX mode is not always commu-
nicating with the base station 100, and is discontinuously
transmitting at least a pilot signal for UL CQI measure-
ment (blackened blocks in the upper part of Fig. 7) to the
base station 100 in a period when synchronization can
be maintained (e.g. every 500 msec at most), at some
time-frequency positions, in order to maintain synchro-
nization (pilot signal transmission in Fig. 7). On the other
hand, it is assumed that the base station 100 is discon-
tinuously receiving the pilot signal in a period when syn-
chronization can be maintained (e.g. every 500 msec at
most). Here, it is assumed that the base station 100 and
the mobile station 200 both know time-frequency posi-
tions of the pilot signal in advance. Furthermore, it is as-
sumed that periodical transmission of a pilot signal and
UL RR are performed independently with each other.
[0084] A pilot signal for maintaining synchronization is
included in uplink control data. The control data insertion
unit 208 performs channel mapping of uplink transmis-
siondata and uplink control data for which channel coding
has been performed, and the pilot signal is modulated
by the modulation unit 209 and is then up-converted to
an RF frequency and transmitted to the base station 100
through the transmitting antenna 201 by the wireless unit
202.

[0085] In the mobile station 200, the control unit 210
determines whether it is necessary to make UL RR (re-
source request) (S11) . When the mobile station 200
makes UL RR (Yes at S11), the control unit 210 indicates
the pilot signal control unit 211 that UL RR is made, and
the pilot signal control unit 211 intentionally stops the
transmission of the pilot signal (S12). Fig. 7 shows that
UL RR was made at the timing of UL Resource Request
(T1). A rectangle shown with a dotted line represents
timing with which the transmission of the pilot signal was
stopped.

[0086] In this embodiment, the mobile station 200 no-
tifies the base station 100 of UL RR by intentionally stop-
ping (temporarily stopping) the transmission of a pilot sig-
nal, and this operation represents resource request.
When no UR RR is needed, the flow returns to the de-
termination atstep S11 Itis assumed that the base station
100 and the mobile station 200 both know in advance
that stopping the transmission of a pilot signal represents
UL RR.

[0087] The base station 100 receives the pilot signal
by the antenna 101, and the pilot signal is down-convert-
ed from an RF frequency to a baseband by the wireless
unit 102 and is input to the pilot signal detecting unit 111
in the uplink channel estimation unit 104. The base sta-
tion 100 usually detects the periodical transmission of a
pilot signal. However, when the mobile station 200 has
made UL RR, the base station 100 does not receive the
pilot signal which has been periodically transmitted in a
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period when synchronization can be maintained. At that
time, the pilot signal detecting unit 111 of the base station
100 knows in advance that stopping the transmission of
the pilot signal represents UL RR, and therefore detects
a change of the pilot signal (Yes at S21) and determines
that the change is UL RR. The pilot signal detecting unit
111 then outputs a trigger to the scheduling unit 110 to
cause it to perform scheduling. Furthermore, the uplink
channel estimation unit 104 calculates uplink propaga-
tion channel quality information CQI from the received
pilot signal and inputs it to the scheduling unit 110. Uplink
AMC information which is an output of the scheduling
unit 110 is input to the control data insertion unit 108 and
coupled to downlink control data and channel mapping
is performed. On the other hand, when the pilot signal
detecting unit 111 does not detect UL RR (No at step
S21), the flow returns to step S21.

[0088] Next,the scheduling unit 110 of the base station
100 performs scheduling increasing resources allocated
to an appropriate mobile station using a pilot signal for
UL CQI measurement (S22) and then transmits UL RA
to the mobile station 200 (S23). In Fig. 7, the scheduling
unit 110 of the base station 100 performs scheduling at
Scheduling (T2) and transmits UL RA at UL Resource
Allocation (T3). At that time, the UL RA includes a UL
scheduling grant and information designating the posi-
tions of time-frequency resources used for UL data trans-
mission. After that, the UL RA is OFDM-modulated by
the OFDM modulation unit 109 and is up-converted to
an RF frequency and then transmitted to the mobile sta-
tion 200 through the antenna 101 by the wireless unit 102.
[0089] On the other hand, the mobile station 200 re-
ceives the UL RA by the antenna 201. The UL RA is
down-converted from an RF frequency to a baseband by
the wireless unit 202 and is then input to the control data
extraction unit 205 through the downlink channel estima-
tion unit 204 and the OFDM demodulation unit 203. The
control data extraction unit 205 extracts UL RA informa-
tion from the UL RA. The mobile station 200 transmits
UL data in a designated AMC mode and at designated
time-frequency positions based on the UL RA informa-
tion. In other words, the mobile station 200 waits for a
certain period (S14) and receives the UL RA (S13).
When receiving the UL RA in the period (No at S14 and
Yes at S13), the mobile station 200 is able to transmit
UL data using designated resources (S15). At UL data
transmission (T4) in Fig. 7, the mobile station 200 trans-
mits UL data to the base station 100 using regions for
data transmission (shaded portions) allocated by the
base station 100. Conversely, when the mobile station
200 is not able to receive UL RA even if a certain time
has passed (Yes at S14), the flow returns to step S11.
[0090] The shorter (1) the transmission interval of the
pilot signal or the UL data transmitted to the base station
100 by the mobile station 200 and (2) the reception in-
terval of the pilot signal or the UL data received from the
mobile station 200 by the base station 100 are, the more
desirable. In this case, the intervals may be, for example,
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the order of one-subframe length (0.5 msec) or the order
of two-subframe length (1 msec). In addition, it is desir-
able that the intervals are within a period when synchro-
nization can be maintained (e.g. 500 msec or less) at
most.

[0091] Up to this point, a method of intentionally stop-
ping the transmission of the pilot signal has been de-
scribed as UL RR method in this embodiment. As UL RR
method other than this method, a method of not trans-
mitting part of time-frequency resources secured to trans-
mit the pilot signal from the mobile station 200 to the base
station 100 may be used. Figs. 8A-8C show example of
resource utilization in the case that part of time-frequency
resources secured to transmit a pilot signal is not trans-
mitted; Fig. 8A is an example where the time-frequency
resources are divided into two regions, Fig. 8B is an ex-
ample where the time-frequency resources are divided
into four regions, and Fig. 8C is an example where the
time-frequency resources are divided into four regions
different from Fig. 8B. Any of the methods shown in Figs.
8A to 8C may be used.

[0092] Fig. 8A shows a case where time-frequency re-
sources secured to transmit the pilot signal are divided
into two regions in the frequency direction and then only
resources on the lower frequency side are transmitted
and resources on the higher frequency side are not trans-
mitted. The number of subcarries transmitted and the
number of subcarriers not transmitted at this time may
be one or more.

[0093] Fig. 8B shows a case where time-frequency re-
sources secured to transmit the pilot signal are divided
into four regions in the frequency direction, which are
configured with intervals like transmitted / not-transmitted
/ transmitted / not-transmitted in ascending order of fre-
quency. The number of subcarries transmitted and the
number of subcarriers not transmitted at this time may
be one or more.

[0094] Fig. 8C shows a case where time-frequency re-
sources secured to transmit the pilot signal are divided
into four regions in the frequency direction, which are
configured with intervals like not-transmitted / transmitted
/ not-transmitted / transmitted in ascending order of fre-
quency. The number of subcarries transmitted and the
number of subcarriers not transmitted at this time may
be one or more.

[0095] In addition, UL RR notification method is not
limited to the above methods provided that the base sta-
tion 100 and the mobile station 200 both keep in advance
common information about (1) whether changing the
method of transmitting the pilot signal represents UL RR
and (2) what is used as a change pattern of the pilot
signal.

[0096] Thus, according to this embodiment, the mobile
station is able to notify the base station of resource re-
quest by changing the procedure of transmitting a pilot
signal (stopping the transmission of a pilot signal in this
embodiment) without using resources dedicatedly allo-
cated to make resource request. For this reason, no ded-
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icated resource is needed for resource request and there-
fore resources can be used effectively.

[0097] Note that, in this embodiment, a mobile station
in a DTX/DRX mode is described as an example. How-
ever, any mobile station where synchronization is main-
tained (in other words, amobile station in an active mode)
is able to use UL RR method described in this embodi-
ment.

[0098] (Second Embodiment)

Next, the second embodiment will be described in detail
with a mobile station in a DTX/DRX mode as an example
using Fig. 9. In this embodiment, there is described one
aspect where the transmission of a pilot signal is stopped
and is then restarted in a predetermined period to make
resource request (UL RR) . Fig. 9 is a sequence diagram
showing an example of a change of a pilot signal accord-
ing to a UL resource request in the second embodiment.
Fig. 9 shows a sequence diagram of a mobile station
(UE) on the left side, and shows a sequence diagram of
a base station (NB) on the right side. The operation of
UL RR will be described below using Figs. 6 and 9.
[0099] AsshowninFig.9, itis assumed that the mobile
station 200 in a DTX/DRX mode does not always com-
municate with the base station 100, and discontinuously
transmits at least a pilot signal for UL CQI measurement
to the base station 100 in a period when synchronization
can be maintained (e.g. every 500 msec at most), at some
certain time-frequency positions, in order to maintain syn-
chronization (pilot signal transmission in Fig. 9). On the
other hand, it is assumed that the base station 100 dis-
continuously receives the pilot signal in a period when
synchronization can be maintained (e.g. every 500 msec
at most). Here, it is assumed that the base station 100
and the mobile station 200 both know time-frequency po-
sitions of the pilot signal in advance. Furthermore, it is
assumed that periodical transmission of a pilot signal and
UL RR are performed independently with each other.
[0100] A pilot signal for maintaining synchronization is
included in uplink control data. The control data insertion
unit 208 performs channel mapping of uplink transmis-
sion data and uplink control data for which channel coding
has been performed, and the pilot signal is modulated
by the modulation unit 209 and is then up-converted to
an RF frequency and transmitted to the base station 100
through the transmitting antenna 201 by the wireless unit
202.

[0101] . Inthe mobile station 200, the control unit 210
determines whether it is necessary to make UL RR (re-
source request) (S11) . When the mobile station 200
makes UL RR (Yes at S11), the control unit 210 indicates
the pilot signal control unit 211 that UL RR is made, and
the pilot signal control unit 211 stops the transmission of
the pilot signal first. Next, the pilot signal control unit 211
restarts the transmission of the pilot signal (S12). Fig. 9
shows that UL RR was made at the timing of UL Resource
Request (T1). A rectangle shown with a dotted line rep-
resents timing with which the transmission of the pilot
signal was stopped, and the next blackened rectangle
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shows the transmission of the pilot signal. The two rec-
tangles surrounded with a dotted line correspond to UL
RR.

[0102] In this embodiment, the mobile station 200 no-
tifies the base station 100 of UL RR by intentionally stop-
ping (temporarily stopping) the transmission of a pilot sig-
nal and then transmitting the pilot signal in a predeter-
mined period, and this operation represents resource re-
quest. When no UL RR is needed, the flow returns to the
determination at step S11. It is assumed that the base
station 100 and the mobile station 200 both know in ad-
vance that a combination of stopping the transmission of
a pilot signal and subsequently transmitting the pilot sig-
nal again represents UL RR. This operation corresponds
to UL RR. Fig. 9 shows a case where a combination of
stopping the transmission of the pilot signal and subse-
quently transmitting the pilot signal represents UL RR.
[0103] The base station 100 receives the pilot signal
by the antenna 101, and the pilot signal is down-convert-
ed from an RF frequency to a baseband by the wireless
unit 102 and is input to the pilot signal detecting unit 111
in the uplink channel estimation unit 104. The base sta-
tion 100 usually detects the periodical transmission of a
pilot signal. However, when the mobile station 200 has
made UL RR, the base station 100 does not receive the
pilot signal which has been periodically transmitted in a
period when synchronization can be maintained, and
then receives the pilot signal. At that time, the pilot signal
detecting unit 111 of the base station 100 knows in ad-
vance a combination of stopping and restarting the trans-
mission of the pilot signal which represents UL RR, and
therefore detects a change of the pilot signal (Yes at S21)
and determines that the change is UL RR. The pilot signal
detecting unit 111 then outputs a trigger to the scheduling
unit 110 to cause it to perform scheduling. Furthermore,
the uplink channel estimation unit 104 calculates uplink
propagation channel quality information CQl from the re-
ceived pilot signal and inputs it to the scheduling unit 110.
Uplink AMC information which is an output of the sched-
uling unit 110 is input to the control data insertion unit
108 and coupled to downlink control data and channel
mapping is performed. On the other hand, when the pilot
signal detecting unit 111 does not detect UL RR (No at
step S21), the flow returns to step S21.

[0104] Next, the scheduling unit 110 of the base station
100 performs scheduling increasing resources allocated
to an appropriate mobile station using a pilot signal for
UL CQI measurement (S22) and then transmits UL RA
to the mobile station 200 (S23) . In Fig. 9, the scheduling
unit 110 of the base station 100 performs scheduling at
Scheduling (T2) and transmits UL RA at UL Resource
Allocation (T3). At that time, the UL RA includes a UL
scheduling grant and information designating the posi-
tions of time-frequency resources used for UL data trans-
mission. After that, the UL RA is OFDM-modulated by
the OFDM modulation unit 109 and is up-converted to
an RF frequency and then transmitted to the mobile sta-
tion 200 through the antenna 101 by the wireless unit 102.
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[0105] On the other hand, the mobile station 200 re-
ceives the UL RA by the antenna 201. The UL RA is
down-converted from an RF frequency to a baseband by
the wireless unit 202 and is then input to the control data
extraction unit 205 through the downlink channel estima-
tion unit 204 and the OFDM demodulation unit 203. The
control data extraction unit 205 extracts UL RA informa-
tion from the UL RA. The mobile station 200 transmits
UL data in a designated AMC mode and at designated
time-frequency positions based on the UL RA informa-
tion. In other words, the mobile station 200 waits for a
certain period (S14) and receives the UL RA (S13).
When receiving the UL RA in the period (No at S14 and
Yes at S13), the mobile station 200 is able to transmit
UL data using designated resources (S15).

[0106] At UL data transmission (T4) in Fig. 9, the mo-
bile station 200 transmits UL data to the base station 100
using regions for data transmission (shaded portions) al-
located by the base station 100. Conversely, when the
mobile station 200 is not able to receive UL RA evenif a
certain time has passed (Yes at S14), the flow returns to
step S11 The shorter (1) the transmission interval of the
pilot signal or the UL data transmitted to the base station
by the mobile station and (2) the reception interval of the
pilotsignal orthe UL datareceived from the mobile station
by the base station are, the more desirable. In this case,
the intervals may be, for example, the order of one-sub-
frame length (0.5 msec) or the order of two-subframe
length (1 msec). In addition, it is desirable that the inter-
vals are within a period when synchronization can be
maintained (e.g. 500 msec or less) at most in this em-
bodiment.

[0107] Up to this point, a method of using a combina-
tion of stopping the transmission of the pilot signal and
subsequently transmitting the pilot signal has been de-
scribed as UL RR method. As UL RR method other than
this method, transmission patterns shown in Figs. 10A
to 10D may be used as the pilot signal transmitted from
the mobile station 200 to the base station 100 may be
used. Fig. 10 shows examples of resource utilization in
the case where part of time-frequency resources secured
to transmit a pilot signal is not transmitted. Any of the
methods shown in Figs. 10A to 10D may be used.
[0108] Fig. 10A shows a pattern of transmitting the pilot
signal in the order of not-transmitted / transmitted / not-
transmitted / transmitted in the time direction without
changing the transmission bandwidth of the pilot signal
of time-frequency resources secured to transmit the pilot
signal.

[0109] Fig. 10B shows a pattern of transmitting the pilot
signal in the order of not-transmitted / transmitted / trans-
mitted in the time direction without changing the trans-
mission bandwidth of the pilot signal of time-frequency
resources secured to transmit the pilot signal.

[0110] Fig. 10C shows a pattern of transmitting the pilot
signal in the order of not-transmitted / not-transmitted /
transmitted in the time direction without changing the
transmission bandwidth of the pilot signal of time-fre-
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quency resources secured to transmit the pilot signal.
[0111] Fig. 10D shows a pattern of transmitting the pilot
signal in the order of not-transmitted / transmitted in the
time direction with respect to the whole band of time-
frequency resources secured to transmit the pilot signal,
wherein when the pilot signal is transmitted, the time-
frequency resources secured to transmit the pilot signal
are divided into four regions in the frequency direction in
the order of transmitted / not-transmitted / transmitted /
not transmitted in increasing order of frequency.

[0112] In addition, a method of expressing the UL RR
is not limited to the above methods provided that the base
station 100 and the mobile station 200 both have in ad-
vance common information about (1) whether changing
the method of transmitting the pilot signal represents UL
RR and (2) what is used as a change pattern of the pilot
signal.

[0113] Thus, according to this embodiment, the mobile
station is able to notify the base station of resource re-
quest by changing the procedure of transmitting a pilot
signal (acombination of stopping and restarting the trans-
mission of a pilot signal in this embodiment) without using
resources dedicatedly allocated to make resource re-
quest. For this reason, no dedicated resource is needed
for resource request and therefore resources can be
used effectively.

[0114] In this embodiment, a mobile station in a
DTX/DRX mode is described as an example. However,
any mobile station where synchronization is maintained
(in other words, a mobile station in an active mode) is
able to use UL RR method described in this embodiment.
[0115] (Third Embodiment)

The third embodiment will be described in detail with a
mobile station in a DTX/DRX mode as an example using
Fig. 11. In this embodiment, there is described an aspect
where when a pilot signal is transmitted with the trans-
mission band thereof being changed with time, the trans-
mission of the pilot signal is stopped to make resource
request (UL RR). Fig. 11 is a sequence diagram showing
an example of a change of a pilot signal according to a
UL resource request in the third embodiment. Fig. 11
shows a sequence diagram of a mobile station (UE) on
the left side, and shows a sequence diagram of a base
station (NB) on the right side. The operation of UL RR
will be described below using Figs. 6 and 11.

[0116] Asshownin Fig. 11, it is assumed that the mo-
bile station 200 in a DTX/DRX mode does not always
communicate with the base station 100, and discontinu-
ously transmits a pilot signal for UL CQI measurement
to the base station 100 in a period when synchronization
can be maintained (e.g. every 500 msec at most), while
changing time-frequency positions with time, in order to
maintain synchronization at least (pilot signal transmis-
sionin Fig. 11). Fig. 11 shows that the mobile station 200
uses a different predetermined frequency region every
time it transmits a pilot signal for UL CQI measurement.
On the other hand, the base station 100 discontinuously
receives the pilot signal in a period when synchronization
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can be maintained (e.g. every 500 msec at most). Here,
it is assumed that the base station 100 and the mobile
station 200 both know in advance time-frequency posi-
tions of the pilot signal which are changed with time. Fur-
thermore, it is assumed that periodical transmission of a
pilot signal and UL RR are performed independently with
each other.

[0117] A pilot signal for maintaining synchronization is
included in uplink control data. The control data insertion
unit 208 performs channel mapping of uplink transmis-
sion data and uplink control data for which channel coding
has been performed, and the pilot signal is modulated
by the modulation unit 209 and is then up-converted to
an RF frequency and transmitted to the base station 100
through the transmitting antenna 201 by the wireless unit
202.

[0118] In the mobile station 200, the control unit 210
determines whether it is necessary to make UL RR
(S11) . When the mobile station 200 makes UL RR (Yes
at S11), the control unit 210 indicates the pilot signal con-
trol unit 211 that UL RR is made, and the pilot signal
control unit 211 intentionally stops the transmission of
the pilot signal which has been sent from uplink control
data and has been periodically transmitted from the mo-
bile station in a period when synchronization can be main-
tained while time-frequency positions thereof have been
changed with time (S12). Fig. 11 shows that UL RR was
made at the timing of UL Resource Request (T1). A rec-
tangle shown with a dotted line represents timing with
which the transmission of the pilot signal was stopped.
The rectangle surrounded with a dotted line corresponds
to UL RR.

[0119] In this embodiment, the mobile station 200 no-
tifies the base station 100 of UL RR by intentionally stop-
ping (temporarily stopping) the transmission of a pilot sig-
nal, and this operation represents resource request.
When no UL RR is needed, the flow returns to the deter-
mination at step S11. It is assumed that the base station
100 and the mobile station 200 both know in advance
that stopping the transmission of a pilot signal represents
UL RR.

[0120] The base station 100 receives the pilot signal
by the antenna 101, and the pilot signal is down-convert-
ed from an RF frequency to a baseband by the wireless
unit 102 and is input to the pilot signal detecting unit 111
in the uplink channel estimation unit 104. When the mo-
bile station 200 has made UL RR, the base station 100
comes not to receive the pilot signal which has been pe-
riodically transmitted from the mobile station in a period
when synchronization can be maintained, while time-fre-
quency positions thereof have been changed with time.
Atthat time, the pilot signal detecting unit 111 of the base
station 100 knows in advance that stopping the transmis-
sion of the pilot signal represents UL RR, and therefore
detects a change of the pilot signal (Yes at S21) and
determines that the change is UL RR. The pilot signal
detecting unit 111 then outputs a trigger to the scheduling
unit 110 to cause it to perform scheduling. Furthermore,
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the uplink channel estimation unit 104 calculates uplink
propagation channel quality information CQl from the re-
ceived pilot signal and inputs it to the scheduling unit 110.
Uplink AMC information which is an output of the sched-
uling unit 110 is input to the control data insertion unit
108 and coupled to downlink control data and channel
mapping is performed. On the other hand, when the pilot
signal detecting unit 111 does not detect UL RR (No at
step S21), the flow returns to step S21.

[0121] Next, the scheduling unit 110 of the base station
100 performs scheduling increasing resources allocated
to an appropriate mobile station using a pilot signal for
UL CQI measurement (S22) and then transmits UL RA
to the mobile station 200 (S23) . In Fig. 11, the scheduling
unit 110 of the base station 100 performs scheduling at
Scheduling (T2) and transmits UL RA at UL Resource
Allocation (T3). At that time, the UL RA includes a UL
scheduling grant and information designating the posi-
tions of time-frequency resources used for UL data trans-
mission. After that, the UL RA is OFDM-modulated by
the OFDM modulation unit 109 and is up-converted to
an RF frequency and then transmitted to the mobile sta-
tion 200 through the antenna 101 by the wireless unit
102. In this connection, it is desirable that the positions
of time-frequency resources for transmitting UL data des-
ignated by the base station 100 are frequency positions
where the latest pilot signal for UL CQl measurement
has been received in a stage before UL RR is made.
However, positions designated by the base station 100
are not limited to these frequency positions. Fig. 11
shows a case where desirable frequency positions have
been designated.

[0122] On the other hand, the mobile station 200 re-
ceives the UL RA by the antenna 201. The UL RA is
down-converted from an RF frequency to a baseband by
the wireless unit 202 and is then input to the control data
extraction unit 205 through the downlink channel estima-
tion unit 204 and the OFDM demodulation unit 203. The
control data extraction unit 205 extracts UL RA informa-
tion from the UL RA. The mobile station 200 transmits
UL data in a designated AMC mode and at designated
time-frequency positions based on the UL RA informa-
tion. In other words, the mobile station 200 waits for a
certain period (S14) and receives the UL RA (S13). When
receiving the UL RA in the period (No at S14 and Yes at
S13), the mobile station 200 is able to transmit UL data
using designated resources (S15).

[0123] At UL datatransmission (T4)in Fig. 11, the mo-
bile station 200 transmits UL data to the base station 100
using regions for data transmission (shaded portions) al-
located by the base station 100. Conversely, when the
mobile station 200 is not able to receive UL RA evenifa
certain time has passed (Yes at S14), the flow returns to
step S11. The shorter (1) the transmission interval of the
pilot signal or the UL data transmitted to the base station
by the mobile station and (2) the reception interval of the
pilot signal or the UL data received from the mobile station
by the base station are, the more desirable. In this case,
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the intervals may be, for example, the order of one-sub-
frame length (0.5 msec) or the order of two-subframe
length (1 msec). In addition, it is desirable that the inter-
vals are within a period when synchronization can be
maintained (e.g. 500 msec or less) at most.

[0124] Up to this point, a method of intentionally stop-
ping the transmission of the pilot signal has been de-
scribed as UL RR method in this method. As UL RR meth-
od other than this method, a method of not transmitting
part of time-frequency resources secured to transmit the
pilot signal from the mobile station 200 to the base station
100 may be used as same as the first embodiment. In
this case, the methods shown in Figs. 8A to 8C may be
used.

[0125] In addition, a method of expressing the UL RR
is not limited to the above methods provided that both
the base station and the mobile station have in advance
common information about (1) whether changing the
method of transmitting the pilot signal represents UL RR
and (2) what is used as a change pattern of the pilot
signal.

[0126] Thus, according to this embodiment, the mobile
station is able to notify the base station of resource re-
quest by changing the procedure of transmitting a pilot
signal (stopping the transmission of a pilot signal in this
embodiment) without using resources dedicatedly allo-
cated to make resource request. For this reason, no ded-
icated resource is needed for resource request and there-
fore resources can be used effectively.

[0127] In this embodiment, a mobile station in a
DTX/DRX mode is described as an example. However,
any mobile station where synchronization is maintained
(in other words, a mobile station in an active mode) is
able to use UL RR method described in this embodiment.
[0128] (Fourth Embodiment)

The fourth embodiment will be described in detail with a
mobile station in a DTX/DRX mode as an example using
Fig. 12. In this embodiment, there is described an aspect
where when a pilot signal is transmitted with the trans-
mission band thereof being changed with time and re-
spective frequency bands are divided into two or more
regions in which the pilot signals are arranged at inter-
vals, the transmission of the pilot signal is stopped to
make UL RR. Fig. 12 is a sequence diagram showing an
example of a change of a pilot signal according to a UL
resource request in the fourth embodiment. Fig. 12
shows a sequence diagram of a mobile station (UE) on
the left side, and shows a sequence diagram of a base
station (NB) on the right side. The operation of UL RR
will be described below using Figs. 6 and 12.

[0129] As shown in Fig. 12, itis assumed that the mo-
bile station 200 in a DTX/DRX mode does not always
communicate with the base station 100, and discontinu-
ously transmits a pilot signal for UL CQI measurement,
which is configured, after dividing the time-frequency re-
sources into four regions in the frequency direction as
shown in Fig. 8B while changing time-frequency positions
with time, to be arranged with intervals like transmitted /
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not-transmitted / transmitted / not-transmitted in ascend-
ing order of frequency to the base station 100 in a period
when synchronization can be maintained (e.g. every 500
msec at most), in order to maintain synchronization at
least (pilot signal transmission in Fig. 12) . On the other
hand, the base station 100 discontinuously receives the
pilotsignalin a period when synchronization can be main-
tained (e.g. every 500 msec at most). Here, itis assumed
that both the base station 100 and the mobile station 200
know in advance time-frequency positions of the pilot sig-
nal which are changed with time. Furthermore, it is as-
sumed that periodical transmission of a pilot signal and
UL RR are performed independently with each other.
[0130] A pilot signal for maintaining synchronization is
included in uplink control data. The control data insertion
unit 208 performs channel mapping of uplink transmis-
siondata and uplink control data for which channel coding
has been performed, and the pilot signal is modulated
by the modulation unit 209 and is then up-converted to
an RF frequency and transmitted to the base station 100
through the transmitting antenna 201 by the wireless unit
202.

[0131] In the mobile station 200, the control unit 210
determines whether itis necessary to make ULRR (S11).
When the mobile station 200 makes UL RR (Yes at S11),
the control unit 210 indicates the pilot signal control unit
211 that UL RR is made, and the pilot signal control unit
211 intentionally stops the transmission of the pilot signal
(S12). In other words, the pilot signal control unit 211
intentionally stops the transmission of a pilot signal for
UL CQIl measurement which has been sent from uplink
control data and is configured, after dividing the time-
frequency resources into four regions in the frequency
direction while changing time-frequency positions with
time, to be arranged with intervals like transmitted / not-
transmitted / transmitted / not-transmitted in increasing
order of frequency. This operation corresponds to UL RR.
Fig. 12 shows that UL RR was made at the timing of UL
Resource Request (T1). A rectangle shown with a dotted
line represents timing with which the transmission of the
pilot signal was stopped. The rectangle surrounded with
a dotted line corresponds to UL RR.

[0132] In this embodiment, the mobile station 200 no-
tifies the base station 100 of UL RR by intentionally stop-
ping (temporarily stopping) the transmission of a pilot sig-
nal, and this operation corresponds to UL RR. When no
UL RR is needed, the flow returns to the determination
at step S11. It is assumed that both the base station 100
and the mobile station 200 know in advance that stopping
the transmission of the pilot signal represents UL RR.
[0133] The base station 100 receives the pilot signal
by the antenna 101, and the pilot signal is down-convert-
ed from an RF frequency to a baseband by the wireless
unit 102 and is input to the pilot signal detecting unit 111
in the uplink channel estimation unit 104. When the mo-
bile station 200 has made UL RR, the base station 100
comes not to receive the pilot signal which has been pe-
riodically transmitted from the mobile station in a period
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when synchronization can be maintained, while time-fre-
quency positions thereof have been changed with time.
At that time, the pilot signal detecting unit 111 of the base
station 100 knows in advance that stopping the transmis-
sion of the pilot signal represents UL RR, and therefore
detects a change of the pilot signal (Yes at S21) and
determines that the change is UL RR. The pilot signal
detecting unit 111 then outputs a trigger to the scheduling
unit 110 to cause it to perform scheduling. Furthermore,
the uplink channel estimation unit 104 calculates uplink
propagation channel quality information CQI from the re-
ceived pilot signal and inputs it to the scheduling unit 110.
Uplink AMC information which is an output of the sched-
uling unit 110 is input to the control data insertion unit
108 and coupled to downlink control data and channel
mapping is performed. On the other hand, when the pilot
signal detecting unit 111 does not detect UL RR (No at
step S21), the flow returns to step S21.

[0134] Next, the scheduling unit 110 of the base station
100 performs scheduling increasing resources allocated
to an appropriate mobile station using a pilot signal for
UL CQI measurement (S22) and then transmits UL RA
to the mobile station 200 (S23) . In Fig. 12, the scheduling
unit 110 of the base station 100 performs scheduling at
Scheduling (T2) and transmits UL RA at UL Resource
Allocation (T3). At that time, the UL RA includes a UL
scheduling grant and information designating the posi-
tions of time-frequency resources used for UL data trans-
mission. Furthermore, it is desirable that the positions of
time-frequency resources for transmitting UL data des-
ignated by the base station 100 are frequency positions
where the latest pilot signal for UL CQl measurement
has been received in a stage before UL RR is made.
However, positions designated by the base station 100
are not limited to these frequency positions. Fig. 12
shows a case where desirable frequency positions have
been designated. After that, the UL RA is OFDM-modu-
lated by the OFDM modulation unit 109 and is up-con-
verted to an RF frequency and then transmitted to the
mobile station 200 through the antenna 101 by the wire-
less unit 102.

[0135] On the other hand, the mobile station 200 re-
ceives the UL RA by the antenna 201. The UL RA is
down-converted from an RF frequency to a baseband by
the wireless unit 202 and is then input to the control data
extraction unit 205 through the downlink channel estima-
tion unit 204 and the OFDM demodulation unit 203. The
control data extraction unit 205 extracts UL RA informa-
tion from the UL RA. The mobile station 200 transmits
UL data in a designated AMC mode and at designated
time-frequency positions based on the UL RA informa-
tion. In other words, the mobile station waits for a certain
period (S14) and receives the UL RA (S13). When re-
ceiving the UL RA in the period (No at S14 and Yes at
S13), the mobile station is able to transmit UL data using
designated resources (S15). At UL data transmission
(T4) in Fig. 12, the mobile station 200 transmits UL data
to the base station 100 using regions for data transmis-
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sion (shaded portions) allocated by the base station 100.
Conversely, when the mobile station 200 is not able to
receive UL RA even if a certain time has passed (Yes at
S14), the flow returns to step S11.

[0136] The shorter (1) the transmission interval of the
pilot signal or the UL data transmitted to the base station
by the mobile station and (2) the reception interval of the
pilotsignal or the UL data received from the mobile station
by the base station are, the more desirable. In this case,
the intervals may be, for example, the order of one-sub-
frame length (0.5 msec) or the order of two-subframe
length (1 msec). In addition, it is desirable that the inter-
vals are within a period when synchronization can be
maintained (e.g. 500 msec or less) at most.

[0137] Up to this point, a method of intentionally stop-
ping the transmission of the pilot signal has been de-
scribed as UL RR method in this method. As UL RR meth-
od other than this method, a method in which the trans-
mission pattern of the pilot signal has been replaced with
a transmission pattern shown in Fig. 8A or Fig. 8C may
be used. Furthermore, the blackened portions shown in
Fig. 12 may be divided, as shown in Figs. 8A to 8C, into
two regions A, four regions B, or different four regions C.
[0138] In addition, a method of expressing the UL RR
is not limited to the above methods provided that both
the base station 100 and the mobile station 200 have in
advance common information about (1) whether chang-
ing the method of transmitting the pilot signal represents
UL RR and (2) what is used as a change pattern of the
pilot signal.

[0139] Thus, according to this embodiment, the mobile
station is able to notify the base station of resource re-
quest by changing the procedure of transmitting a pilot
signal (stopping the transmission of a pilot signal in this
embodiment) without using resources dedicatedly allo-
cated to make resource request. For this reason, no ded-
icated resource is needed for resource request and there-
fore resources can be used effectively.

[0140] In this embodiment, a mobile station in a
DTX/DRX mode is described as an example. However,
any mobile station where synchronization is maintained
(in other words, a mobile station in an active mode) is
able to use UL RR method described in this embodiment.
[0141] (Fifth Embodiment)

Next, the fifth embodiment will be described in detail with
amobile stationina DTX/DRX mode as an example using
Fig. 13. In this embodiment, there is described an aspect
where when pilot signals are arranged in a distributed
manner and in which two or more mobile stations are
multiplexed using orthogonal codes, a mobile station
which will make resource request (UL RR) stops the
transmission of the pilot signal in some regions to make
resource request. Fig. 13 is a sequence diagram showing
an example of a change of a pilot signal according to a
UL resource request in the fifth embodiment. Fig. 13
shows a sequence diagram of a mobile station (UE) on
the left side, and shows a sequence diagram of a base
station (NB) on the right side. The operation of UL RR
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will be described below using Figs. 6 and 13.

[0142] As shown in Fig. 13, itis assumed that the mo-
bile station 200 in a DTX/DRX mode does not always
communicate with the base station 100, and discontinu-
ously transmits a pilot signal for UL CQI measurement
in a period when synchronization can be maintained (e.g.
every 500 msec at most), in order to maintain synchro-
nization at least (pilot signal transmission in Fig. 13). Fur-
thermore, Fig. 13 shows that the mobile stations 200
transmit pilot signals, which are arranged in a distributed
manner and multiplexed using different orthogonal codes
for each of two or more mobile stations 200 in the same
time-frequency positions, to the base station 100, as pi-
lots for UL CQI measurement. On the other hand, the
base station 100 discontinuously receives the pilot signal
in a period when synchronization can be maintained (e.g.
every 500 msec at most). Here, it is assumed that both
the base station 100 and the mobile station 200 know in
advance the time-frequency positions of the pilot signal.
Furthermore, it is assumed that periodical transmission
of a pilot signal and UL RR are performed independently
with each other.

[0143] A pilot signal for maintaining synchronization is
included in uplink control data. The control data insertion
unit 208 performs channel mapping of uplink transmis-
sion data and uplink control data for which channel coding
has been performed, and the pilot signal is modulated
by the modulation unit 209 and is then up-converted to
an RF frequency and transmitted to the base station 100
through the transmitting antenna 201 by the wireless unit
202.

[0144] In this embodiment, pilot signals which are ar-
ranged in a distributed manner and multiplexed using an
orthogonal code are used. Specifically, the following case
will be described as an example. Arrangement in a dis-
tributed manner is a state where there are certain inter-
vals between frequency bands used in a frequency re-
gion (a state where pilot signals are arranged in the shape
of a comb), and Fig. 2 shows an example of it. In Fig. 2,
diagonally shaded regions represent frequency bands
used. Furthermore, the case is described where a
CAZAC (Constant Amplitude Zero Auto-Correlation)
code is used as an orthogonal code multiplexing the pilot
signals which are used by each mobile station 200.
CAZAC codes are excellent in auto-correlation charac-
teristic.

[0145] Inthis embodiment, itis assumed that the base
station 100 allocates CAZAC codes of different sequenc-
es to mobile stations 200 to distinguish the mobile sta-
tions 200 from each other. Furthermore, the case is de-
scribed where the mobile stations 200 perform UL trans-
mission using CAZAC codes allocated. In addition, mul-
tiplexing of two or more mobile stations 200 becomes
possible in frequency regions arranged in a distributed
manner by using CAZAC codes. An example of it is
shown in the upper part of Fig. 14. Fig. 14 shows an
example of a state in the frequency direction of resources
for transmitting a pilot signal of this embodiment. The
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upper part of it shows an example of a state at usual pilot
signal transmission and the lower part of it shows an ex-
ample of a state at resource request (UL Resource Re-
quest). In the upper part of Fig. 14, "#1" represents a
CAZAC code used by a mobile station 200a, "#2" repre-
sents a CAZAC code used by a mobile station 200b, and
"#3" represents a CAZAC code used by a mobile station
200c, and a state where the three mobile stations are
multiplexed in the same frequency region (a state where
the three mobile stations 200 are using the same fre-
quency region at the same time) is shown.

[0146] Fig. 13 shows a state where the mobile stations
200a, 200b, and 200c are intermittently transmitting the
pilot signals in the same time-frequency region by using
the different CAZAC codes #1, #2, and #3 in a period
when synchronization can be maintained. Here, it is as-
sumed that both the base station 100 and the mobile
stations 200 know in advance the time-frequency posi-
tions of the pilot signals and which CAZAC codes are
allocated to the mobile stations 200.

[0147] In amobile station 200, the control unit 210 de-
termines whether it is necessary to make UL RR (S11).
When the mobile station 200 makes UL RR (Yes at S11),
the control unit 210 indicates the pilot signal control unit
211 that UL RR is made, and the pilot signal control unit
211 intentionally stops the transmission of the pilot signal
with respect to part of time-frequency regions arranged
in a distributed manner (S12). In other words, the pilot
signal control unit 211 intentionally stops the transmis-
sion of part of pilot signals for UL CQl measurement
which are the pilot signals sent from uplink control data
and are arranged in a distributed manner, and in which
mobile stations are multiplexed using different orthogo-
nal codes (e.g. CAZAC codes) in the same time-frequen-
cy positions. This operation corresponds to UL RR. Here,
a case where the mobile station 200a makes UL RR is
described as an example.

[0148] Fig. 13 shows that UL RR was made at the tim-
ing of UL Resource Request (T1) (a rectangle surround-
ed by a dotted line corresponds to the UL RR), and a
region with positive slopes represents a transmission
stop position of the pilot signal in the UL RR. This oper-
ation corresponds to UL RR. When no UL RR is needed
(No at S11), the flow returns to the determination at S11.
It is assumed that both the base station 100 and the mo-
bile station 200 know in advance that stopping the trans-
mission of the pilot signal represents UL RR and where
the stop position is.

[0149] The base station 100 receives the pilot signal
by the antenna 101, and the pilot signal is down-convert-
ed from an RF frequency to a baseband by the wireless
unit 102 and is input to the pilot signal detecting unit 111
in the uplink channel estimation unit 104. The base sta-
tion 100 comes not to receive part of the pilot signals
which has been periodically transmitted until now from
the mobile station 200 in a period when synchronization
can be maintained. At that time, the pilot signal detecting
unit 111 of the base station 100 knows in advance that
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stopping the transmission of the pilot signal represents
UL RR and where the stop position is, and therefore de-
tects a change of the pilot signals (Yes at S21) and de-
termines that the change is UL RR. The pilot signal de-
tecting unit 111 then outputs a trigger to the scheduling
unit 110 to cause it to perform scheduling. Furthermore,
the uplink channel estimation unit 104 calculates uplink
propagation channel quality information CQl from the re-
ceived pilot signal and inputs it to the scheduling unit 110.
Uplink AMC information which is an output of the sched-
uling unit 110 is input to the control data insertion unit
108 and coupled to downlink control data and channel
mapping is performed. On the other hand, when the pilot
signal detecting unit 111 does not detect UL RR (No at
step S21), the flow returns to step S21.

[0150] Next, the scheduling unit 110 of the base station
100 performs scheduling increasing resources allocated
to an appropriate mobile station using a pilot signal for
UL CQI measurement (S22) and then transmits UL RA
to the mobile station 200 (S23) . In Fig. 13, the scheduling
unit 110 of the base station 100 performs scheduling at
Scheduling (T2) and transmits UL RA at UL Resource
Allocation (T3). At that time, the UL RA includes a UL
scheduling grant and information designating the posi-
tions of time-frequency resources used for UL data trans-
mission. Furthermore, it is desirable that the positions of
time-frequency resources for transmitting UL data des-
ignated by the base station 100 are frequency positions
where the latest pilot signal for UL CQI measurement
has been received in a stage before UL RR is made.
However, positions designated by the base station 100
are not limited to these frequency positions. Fig. 13
shows an example that a region where the mobile station
200 stopped the transmission of a pilot signal (a region
with positive slopes) was also designated as the position
of a time-frequency resource for transmitting UL data.
After that, the UL RA is OFDM-modulated by the OFDM
modulation unit 109 and is up-converted to an RF fre-
quency and then transmitted to the mobile station 200
through the antenna 101 by the wireless unit 102.
[0151] On the other hand, the mobile station 200 re-
ceives the UL RA by the antenna 201. The UL RA is
down-converted from an RF frequency to a baseband by
the wireless unit 202 and is then input to the control data
extraction unit 205 through the downlink channel estima-
tion unit 204 and the OFDM demodulation unit 203. The
control data extraction unit 205 extracts UL RA informa-
tion from the UL RA. The mobile station 200 transmits
UL data in a designated AMC mode and at designated
time-frequency positions based on the UL RA informa-
tion. In other words, the mobile station 200 waits for a
certain period (S14) and receives the UL RA (S13).
When receiving the UL RA in the period (No at S14 and
Yes at S13), the mobile station 200 is able to transmit
UL data using designated resources (S15). At UL data
transmission (T4) in Fig. 13, the mobile station 200 (mo-
bile station 200a in Fig. 13) transmits UL data to the base
station 100 using regions for data transmission (shaded
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portions) allocated by the base station 100. Conversely,
when the mobile station 200 is not able to receive UL RA
even if a certain time has passed (Yes at S14), the flow
returns to step S11.

[0152] Additional description will be made to the above
using Fig. 14. A state in the frequency direction at a cer-
tain time of resources for transmitting the pilot signal in
a stage other than UL RR stage is shown in the upper
part of Fig. 14. Furthermore, a state in the frequency di-
rection at a certain time of resources for transmitting the
pilot signal at UL RR is shown in the lower part of Fig.
14. In the upper part of Fig. 14 showing a stage other
than UL RR stage, the mobile stations 200a, 200b, and
200c are transmitting the pilot signals using CAZAC
codes #1, #2, and #3, respectively, in the frequency re-
gions 1,4, and 7. In the lower part of Fig. 14 showing UL
RR stage, the mobile stations 200b and 200c are trans-
mitting the pilot signals using CAZAC codes #2 and #3,
respectively, in the frequency regions 1, 4, and 7, while
only the mobile station 200a is not transmitting the pilot
signal in the frequency region 4.

[0153] Inthebase station 100, the pilot signal detecting
unit 111 detects that the mobile station 200a which has
stopped the transmission of the pilot signal by CAZAC
code #1 makes UL RR, and the scheduling unit 110 per-
forms scheduling and transmits UL RA to the mobile sta-
tion 200a.

[0154] The shorter (1) the transmission interval of the
pilot signal or the UL data transmitted to the base station
by a mobile station and (2) the reception interval of the
pilot signal or the UL data received from a mobile station
by the base station are, the more desirable. In this case,
the intervals may be, for example, the order of one-sub-
frame length (0.5 msec) or the order of two-subframe
length (1 msec). In addition, it is desirable that the inter-
vals are within a period when synchronization can be
maintained (e.g. 500 msec or less) at most.

[0155] Up to this point, a method of intentionally stop-
ping the transmission of the pilot signal has been de-
scribed as UL RR method in this embodiment. However,
the UL RR method is not limited to the above method
provided that both the base station and the mobile station
have in advance common information about (1) whether
changing the method of transmitting the pilot signal rep-
resents UL RR and (2) what is used as a change pattern
of the pilot signal. For example, in the lower part of Fig.
14, the transmission of all the pilot signals in the frequen-
cy regions 1, 4 and 7 may be stopped.

[0156] Furthermore, in this embodiment, there is de-
scribed an example that the base station 100 allocates
CAZAC codes of different sequences to mobile stations
200 to distinguish the mobile stations 200 from each oth-
er. However, any other method may be used provided
that the base station 100 is able to distinguish the mobile
stations 200 from each other.

[0157] Thus, according to this embodiment, a mobile
station is able to notify the base station of resource re-
quest by changing the procedure of transmitting a pilot
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signal (stopping the transmission of a pilot signal of a
mobile station which willmake UL RR in this embodiment)
without using resources dedicatedly allocated to make
resource request. For this reason, no dedicated resource
is needed for resource request and therefore resources
can be used effectively.

[0158] In this embodiment, a mobile station in a
DTX/DRX mode is described as an example. However,
any mobile station where synchronization is maintained
(in other words, a mobile station in an active mode) is
able to use UL RR method described in this embodiment.
[0159] (Sixth Embodiment)

The sixth embodiment will be described in detail with a
mobile station in a DTX/DRX mode as an example using
Fig. 15. In this embodiment, when pilot signals are used
which are arranged in a distributed manner and multi-
plexed using orthogonal codes by two or more mobile
stations, mobile stations which will make resource re-
quest make resource request by multiplexing the pilot
signals using orthogonal codes which are different from
usual ones. Fig. 15 is a sequence diagram showing an
example of a change of a pilot signal according to a UL
resource request in the sixth embodiment. Fig. 15 shows
a sequence diagram of a mobile station (UE) on the left
side, and shows a sequence diagram of a base station
(NB) on the right side. The operation of UL RR will be
described below using Figs. 6 and 15.

[0160] As shown in Fig. 15, it is assumed that the mo-
bile station 200 in a DTX/DRX mode does not always
communicate with the base station 100, and discontinu-
ously transmits a pilot signal for UL CQI measurement
in a period when synchronization can be maintained (e.g.
every 500 msec at most), in order to maintain synchro-
nization at least (pilot signal transmission in Fig. 15). Fur-
thermore, Fig. 15 shows that the mobile stations 200
transmit pilot signals which are arranged in a distributed
manner and multiplexed using different orthogonal codes
by two or more mobile stations 200 in the same time-
frequency positions, to the base station 100, as pilots for
UL CQI measurement. On the other hand, the base sta-
tion 100 discontinuously receives the pilot signal in a pe-
riod when synchronization can be maintained (e.g. every
500 msec at most). Here, itis assumed that both the base
station 100 and the mobile station 200 know in advance
the time-frequency positions of the pilot signal. Further-
more, it is assumed that periodical transmission of a pilot
signal and UL RR are performed independently with each
other.

[0161] A pilot signal for maintaining synchronization is
included in uplink control data. The control data insertion
unit 208 performs channel mapping of uplink transmis-
sion data and uplink control data for which channel coding
has been performed, and the pilot signal is modulated
by the modulation unit 209 and is then up-converted to
an RF frequency and transmitted to the base station 100
through the transmitting antenna 201 by the wireless unit
202.

[0162] In this embodiment, the case is described
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where CAZAC codes are used as a method of multiplex-
ing the pilot signals by each mobile station 200 arranged
in a distributed manner. Specifically, it is assumed that
the base station 100 allocates CAZAC codes of different
sequences to mobile stations 200 to distinguish the mo-
bile stations 200 from each other, and CAZAC codes #1
and #4 are allocated to a mobile station 200a, CAZAC
codes #2 and #5 are allocated to a mobile station 200b,
and the CAZAC codes #3 and #6 are allocated to amobile
station 200c. Then, the mobile stations 200 perform UL
transmission using the CAZAC codes allocated.

[0163] Fig. 15 shows a state where the mobile stations
200a, 200b, and 200c are discontinuously transmitting
the pilot signals in the same time-frequency regions by
using the different CAZAC codes #1, #2, and #3 in a
period when synchronization can be maintained, and the
pilot signals are multiplexed. Here, it is assumed that
both the base station 100 and the mobile stations 200
know in advance the time-frequency positions of the pilot
signals and which CAZAC codes are allocated to the mo-
bile stations 200.

[0164] In a mobile station 200, the control unit 210 de-
termines whether it is necessary to make UL RR (S11).
When the mobile station 200 makes UL RR (Yes at S11),
the control unit 210 indicates the pilot signal control unit
211 that UL RR is made, and the pilot signal control unit
211 transmits the pilot signal using a CAZAC code which
is different from a CAZAC code which has been used
until now in time-frequency regions arranged in a distrib-
uted manner (S12). In other words, the pilot signal control
unit 211 transmits the pilot signal using a CAZAC code
which is different from a CAZAC code which has been
used until now in time-frequency positions arranged in a
distributed manner. This operation corresponds to UL
RR. Here, a case where the mobile station 200a makes
UL RR is described as an example.

[0165] Fig. 15 shows that UL RR was made at the tim-
ing of UL Resource Request (T1) (a rectangle surround-
ed by a dotted line corresponds to the UL RR), and the
pilot signal is transmitted using a CAZAC code which is
different from a CAZAC code which has been used until
now in regions with positive slopes in the UL RR. This
operation corresponds to UL RR. When no UL RR is
needed (No at S11), the flow returns to the determination
at S11. It is assumed that both the base station 100 and
the mobile station 200 know in advance that transmitting
the pilot signal using a CAZAC code which is different
from a CAZAC code which has been used until now rep-
resents UL RR.

[0166] The base station 100 receives the pilot signal
by the antenna 101, and the pilot signal is down-convert-
ed from an RF frequency to a baseband by the wireless
unit 102 and is input to the pilot signal detecting unit 111
in the uplink channel estimation unit 104. The base sta-
tion 100 detects that a different CAZAC code is used for
the pilot signal which has been periodically transmitted
until now from the mobile station 200 in a period when
synchronization can be maintained. At that time, the pilot
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signal detecting unit 111 of the base station 100 knows
in advance that transmitting the pilot signal using a
CAZAC code which is different from a CAZAC code which
has been used until now represents UL RR, and therefore
determines that a change of the pilot signal is UL RR
(Yes at S21). The pilot signal detecting unit 111 then
outputs a trigger to the scheduling unit 110 to cause it to
perform scheduling. Furthermore, the uplink channel es-
timation unit 104 calculates uplink propagation channel
quality information CQl from the received pilot signal and
inputs it to the scheduling unit 110. Uplink AMC informa-
tion which is an output of the scheduling unit 110 is input
tothe control datainsertion unit 108 and coupled to down-
link control data and channel mapping is performed. On
the other hand, when the pilot signal detecting unit 111
does not detect UL RR (No at step S21), the flow returns
to step S21.

[0167] Next, the scheduling unit 110 of the base station
100 performs scheduling increasing resources allocated
to an appropriate mobile station using a pilot signal for
UL CQI measurement (S22) and then transmits UL RA
to the mobile station 200 (S23) . In Fig. 15, the scheduling
unit 110 of the base station 100 performs scheduling at
Scheduling (T2) and transmits UL RA at UL Resource
Allocation (T3). At that time, the UL RA includes a UL
scheduling grant and information designating the posi-
tions of time-frequency resources used for UL data trans-
mission. Furthermore, it is desirable that positions of
time-frequency resources for transmitting UL data des-
ignated by the base station 100 are frequency positions
where the latest pilot signal for UL CQIl measurement
has been received in a stage before UL RR is made.
However, positions designated by the base station 100
are not limited to these frequency positions. Fig. 15
shows an example that regions where the mobile station
200 changed the transmission of a pilot signal (regions
with positive slopes) were designated as the positions of
time-frequency resources for transmitting UL data. After
that, the UL RA is OFDM-modulated by the OFDM mod-
ulation unit 109 and is up-converted to an RF frequency
and then transmitted to the mobile station 200 through
the antenna 101 by the wireless unit 102.

[0168] On the other hand, the mobile station 200 re-
ceives the UL RA by the antenna 201. The UL RA is
down-converted from an RF frequency to a baseband by
the wireless unit 202 and is then input to the control data
extraction unit 205 through the downlink channel estima-
tion unit 204 and the OFDM demodulation unit 203. The
control data extraction unit 205 extracts UL RA informa-
tion from the UL RA. The mobile station 200 transmits
UL data in a designated AMC mode and at designated
time-frequency positions based on the UL RA informa-
tion. In other words, the mobile station 200 waits for a
certain period (S14) and receives the UL RA (S13). When
receiving the UL RA in the period (No at S14 and Yes at
S13), the mobile station 200 is able to transmit UL data
using designated resources (S15). At UL data transmis-
sion (T4) in Fig. 15, the mobile station 200 (mobile station
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200a in Fig. 15) transmits UL data to the base station
100 using regions for data transmission (shaded por-
tions) allocated by the base station 100. Conversely,
when the mobile station 200 is not able to receive UL RA
even if a certain time has passed (Yes at S14), the flow
returns to step S11.

[0169] Additional description will be made to the above
using Fig. 16. Fig. 16 shows an example of a state in the
frequency direction of resources for transmitting a pilot
signal of this embodiment. A state in the frequency di-
rection at a certain time of resources for transmitting the
pilot signals in a stage other than UL RR stage is shown
in the upper part of Fig. 16. Furthermore, a state in the
frequency direction at a certain time of resources for
transmitting the pilot signals at UL RR is shown in the
lower part of Fig. 16. In the upper part of Fig. 16 showing
astage otherthan UL RR stage, the mobile stations 200a,
200b, and 200c are transmitting the pilot signals using
CAZAC codes #1, #2, and #3, respectively, in the fre-
quency regions 1, 4, and 7. In the lower part of Fig. 16
showing UL RR stage, the mobile stations 200b and 200c
are transmitting the pilot signals using CAZAC codes #2
and #3, respectively, while the mobile station 200a is
transmitting the pilot signal using CAZAC code #4, in the
frequency regions 1, 4, and 7

[0170] Inthebase station 100, the pilot signal detecting
unit 111 detects that the mobile station 200a which has
transmitted the pilot signal using not CAZAC code #1 but
CAZAC code #4 makes UL RR, and the scheduling unit
110 performs scheduling and transmits UL RA to the mo-
bile station 200a.

[0171] The shorter (1) the transmission interval of the
pilot signal or the UL data transmitted to the base station
by a mobile station and (2) the reception interval of the
pilot signal or the UL data received from a mobile station
by the base station are, the more desirable. In this case,
the intervals may be, for example, the order of one-sub-
frame length (0.5 msec) or the order of two-subframe
length (1 msec). In addition, it is desirable that the inter-
vals are within a period when synchronization can be
maintained (e.g. 500 msec or less) at most.

[0172] Uptothis point, a method of intentionally chang-
ing an orthogonal code used to transmit the pilot signal
has been described as UL RR method in this embodi-
ment. However, the UL RR method is not limited to the
above method provided that both the base station and
the mobile stations have in advance common information
about (1) whether changing the method of transmitting
the pilot signal represents UL RR and (2) what is used
as a change pattern of the pilot signal.

[0173] Furthermore, in this embodiment, the case is
described as an example where the base station 100
allocates the CAZAC codes of different sequences to mo-
bile stations 200 to distinguish the mobile stations 200
from each other. However, any other method may be
used provided that the base station 100 is able to distin-
guish the mobile stations 200 from each other.

[0174] Thus, according to this embodiment, a mobile
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station is able to notify the base station of resource re-
quest by changing the procedure of transmitting a pilot
signal (changing a code used by a mobile station which
will make UL RR in this embodiment) without using re-
sources dedicatedly allocated to make resource request.
For this reason, no dedicated resource is needed for re-
source request and therefore resources can be used ef-
fectively.

[0175] In this embodiment, a mobile station in a
DTX/DRX mode is described as an example. However,
any mobile station where synchronization is maintained
(in other words, a mobile station in an active mode) is
able to use UL RR method described in this embodiment.
[0176] (Seventh Embodiment)

The seventh embodiment will be described in detail with
amobile stationina DTX/DRX mode as an example using
Fig. 17. In this embodiment, there is described an aspect
where when pilot signals are used which are arranged in
a localized manner and in which two or more mobile sta-
tions are multiplexed using orthogonal codes, a mobile
station which will make resource request stops the trans-
mission of the pilot signal in some regions to make re-
source request. Fig. 17 is a sequence diagram showing
an example of a change of a pilot signal according to a
UL resource request in the seventh embodiment. Fig. 17
shows a sequence diagram of a mobile station (UE) on
the left side, and shows a sequence diagram of a base
station (NB) on the right side. The operation of UL RR
will be described below using Figs. 6 and 17.

[0177] As shownin Fig. 17, it is assumed that the mo-
bile station 200 in a DTX/DRX mode does not always
communicate with the base station 100, and discontinu-
ously transmits a pilot signal for UL CQI measurement
in a period when synchronization can be maintained (e.g.
every 500 msec at most), in order to maintain synchro-
nization at least (pilot signal transmission in Fig. 13). Fur-
thermore, Fig. 17 shows that the mobile stations 200
transmit pilot signals which are arranged in a localized
manner and in which two or more mobile stations 200
are multiplexed using different orthogonal codes in the
same time-frequency positions, to the base station 100,
as pilots for UL CQI measurement. On the other hand,
the base station 100 discontinuously receives the pilot
signal in a period when synchronization can be main-
tained (e.g. every 500 msec at most). Here, it is assumed
that both the base station 100 and the mobile station 200
know in advance the time-frequency positions of the pilot
signal. Furthermore, it is assumed that periodical trans-
mission of a pilot signal and UL RR are performed inde-
pendently with each other.

[0178] A pilot signal for maintaining synchronization is
included in uplink control data. The control data insertion
unit 208 performs channel mapping of uplink transmis-
sion data and uplink control data for which channel coding
has been performed, and the pilot signal is modulated
by the modulation unit 209 and is then up-converted to
an RF frequency and transmitted to the base station 100
through the transmitting antenna 201 by the wireless unit
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202.

[0179] In this embodiment, pilot signals which are ar-
ranged in a localized manner and multiplexed using or-
thogonal codes are used. Specifically, the following case
is described as an example. Arrangement in a localized
manner is a state where spectrums are continuously ar-
ranged in frequency regions, and Fig. 3 shows an exam-
ple of it. In Fig. 3, diagonally shaded regions represent
frequency bands used.

[0180] In this embodiment, itis assumed that the base
station 100 allocates CAZAC codes of different sequenc-
es to mobile stations 200 to distinguish the mobile sta-
tions 200 from each other. Furthermore, the case is de-
scribed where the mobile stations 200 perform UL trans-
mission using CAZAC codes allocated. In addition, mul-
tiplexing of two or more mobile stations 200 becomes
possible in frequency regions arranged in a localized
manner by using CAZAC codes. An example of it is
shown in the upper part of Fig. 18. Fig. 18 shows an
example of a state in the frequency direction of resources
for transmitting a pilot signal of this embodiment. The
upper part of it shows an example of a state at usual pilot
signal transmission and the lower part of it shows an ex-
ample of a state at resource request. In the upper part
of Fig. 18, "#1" represents a CAZAC code used by a
mobile station 200a, "#2" represents a CAZAC code used
by a mobile station 200b, and "#3" represents a CAZAC
code used by a mobile station 200c, and a state where
the pilot signals of the three mobile stations are multi-
plexed in the same frequency regions (a state where the
three mobile stations 200 are using the same frequency
regions at the same time) is shown.

[0181] Fig. 17 shows a state where the mobile stations
200a, 200b, and 200c are discontinuously transmitting
the pilot signal in the same time-frequency regions by
using the different CAZAC codes #1, #2, and #3 in a
period when synchronization can be maintained. Here,
it is assumed that both the base station 100 and the mo-
bile stations 200 know in advance the time-frequency
positions of the pilot signals and which CAZAC codes
are allocated to the mobile stations 200.

[0182] In a mobile station 200, the control unit 210 de-
termines whether it is necessary to make UL RR (S11) .
When the mobile station 200 makes UL RR (Yes at S11),
the control unit 210 indicates the pilot signal control unit
211 that UL RR is made, and the pilot signal control unit
211 intentionally stops the transmission of the pilot signal
with respect to part of time-frequency regions arranged
in a localized manner (S12). In other words, the pilot sig-
nal control unit 211 starts the processing procedure
shownin Fig. 6 (left) by receiving UL RR trigger described
above. The pilot signal control unit 211 intentionally stops
the transmission of the pilot signal sent from uplink control
data, with respect to part of time-frequency regions ar-
ranged in a localized manner. This operation corre-
sponds to UL RR. Here, a case where the mobile station
200a makes UL RR is described as an example.
[0183] Fig. 17 shows that UL RR was made at the tim-
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ing of UL Resource Request (T1) (a rectangle surround-
ed by a dotted line corresponds to the UL RR), and a
region with positive slopes represents a transmission
stop position of the pilot signal in the UL RR. This oper-
ation corresponds to UL RR. When no UL RR is needed
(No at S11), the flow returns to the determination at step
S11. It is assumed that both the base station 100 and
the mobile station 200 know in advance that stopping the
transmission of the pilot signal represents UL RR and
where the stop position is.

[0184] The base station 100 receives the pilot signal
by the antenna 101, and the pilot signal is down-convert-
ed from an RF frequency to a baseband by the wireless
unit 102 and is input to the pilot signal detecting unit 111
in the uplink channel estimation unit 104. The base sta-
tion 100 comes not to receive part of the pilot signals
which have been periodically transmitted until now from
the mobile station 200 in a period when synchronization
can be maintained. At that time, the pilot signal detecting
unit 111 of the base station 100 knows in advance that
stopping the transmission of the pilot signal represents
UL RR and where the stop position is, and therefore de-
tects a change of the pilot signal (Yes at S21) and deter-
mines thatthe changeis UL RR. The pilot signal detecting
unit 111 then outputs a trigger to the scheduling unit 110
to causeitto perform scheduling. Furthermore, the uplink
channel estimation unit 104 calculates uplink propaga-
tion channel quality information CQI from the received
pilot signal and inputs it to the scheduling unit 110. Uplink
AMC information which is an output of the scheduling
unit 110 is input to the control data insertion unit 108 and
coupled to downlink control data and channel mapping
is performed. On the other hand, when the pilot signal
detecting unit 111 does not detect UL RR (No at step
S21), the flow returns to step S21.

[0185] Next, the scheduling unit 110 of the base station
100 performs scheduling increasing resources allocated
to an appropriate mobile station using a pilot signal for
UL CQIl measurement (S22) and then transmits UL RA
to the mobile station 200 (S23) . In Fig. 17, the scheduling
unit 110 of the base station 100 performs scheduling at
Scheduling (T2) and transmits UL RA at UL Resource
Allocation (T3). At that time, the UL RA includes a UL
scheduling grant and information designating the posi-
tions of time-frequency resources used for UL data trans-
mission. Furthermore, it is desirable that the positions of
time-frequency resources for transmitting UL data des-
ignated by the base station 100 are frequency positions
where the latest pilot signal for UL CQIl measurement
has been received in a stage before UL RR is made.
However, positions designated by the base station 100
are not limited to these frequency positions. Fig. 17
shows an example that a region where the mobile station
200 stopped the transmission of a pilot signal (a region
with positive slopes) was also designated as the position
of a time-frequency resource for transmitting UL data.
After that, the UL RA is OFDM-modulated by the OFDM
modulation unit 109 and is up-converted to an RF fre-
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quency and then transmitted to the mobile station 200
through the antenna 101 by the wireless unit 102.
[0186] On the other hand, the mobile station 200 re-
ceives the UL RA by the antenna 201. The UL RA is
down-converted from an RF frequency to a baseband by
the wireless unit 202 and is then input to the control data
extraction unit 205 through the downlink channel estima-
tion unit 204 and the OFDM demodulation unit 203. The
control data extraction unit 205 extracts UL RA informa-
tion from the UL RA. The mobile station 200 transmits
UL data in a designated AMC mode and at designated
time-frequency positions based on the UL RA informa-
tion. The mobile station 200 waits for a certain period
(S14) and receives the UL RA (S13). When receiving the
UL RA in the period (No at S14 and Yes at S13), the
mobile station 200 is able to transmit UL data using des-
ignated resources (S15). At UL data transmission (T4)
in Fig. 17, the mobile station 200 (mobile station 200a in
Fig. 17) transmits UL data to the base station 100 using
regions for data transmission (shaded portions) allocated
by the base station 100. Conversely, when the mobile
station 200 is not able to receive UL RA even if a certain
time has passed (Yes at S14), the flow returns to step
S11.

[0187] Additional description will be made to the above
using Fig. 18. A state in the frequency direction at a cer-
tain time of resources for transmitting the pilot signal in
a stage other than UL RR stage is shown in the upper
part of Fig. 18. Furthermore, a state in the frequency di-
rection at a certain time of resources for transmitting the
pilot signal at UL RR is shown in the lower part of Fig. 18.
[0188] In the upper part of Fig. 18 showing a stage
other than UL RR stage, the mobile stations 200a, 200b,
and 200c are transmitting the pilot signals using CAZAC
codes #1, #2, and #3, respectively, in the frequency re-
gions 1, 2, 3, and 4. In the lower part of Fig. 18 showing
UL RR stage, the mobile stations 200b and 200c are
transmitting the pilot signals using CAZAC codes #2 and
#3, respectively, in the frequency regions 1, 2, 3, and 4,
while the mobile station 200a is transmitting the pilot sig-
nal using CAZAC code #1 in the frequency regions 1 and
2, but is not transmitting the pilot signal in the frequency
regions 3 and 4.

[0189] Inthe base station 100, the pilot signal detecting
unit 111 detects that the mobile station 200a which has
stopped the transmission of the pilot signal by CAZAC
code #1 in the frequency regions 3 and 4 makes UL RR,
and the scheduling unit 110 performs scheduling and
transmits UL RA to the mobile station 200a.

[0190] The shorter (1) the transmission interval of the
pilot signal or the UL data transmitted to the base station
by a mobile station and (2) the reception interval of the
pilot signal or the UL data received from a mobile station
by the base station are, the more desirable. In this case,
the intervals may be, for example, the order of one-sub-
frame length, that is, the order of 0.5 msec. In addition,
it is desirable that the intervals are within a period when
synchronization can be maintained (e.g. 500 msec or

EP 2 330 861 A2

10

15

20

25

30

35

40

45

50

55

23

44

less) at worst.

[0191] Up to this point, a method of intentionally stop-
ping the transmission of the pilot signal has been de-
scribed as UL RR method in this embodiment. However,
the UL RR method is not limited to the above method
provided that both the base station and the mobile sta-
tions have in advance common information about (1)
whether changing the method of transmitting the pilot
signal represents UL RRand (2) whatis used as achange
pattern of the pilot signal.

[0192] Furthermore, in thisembodiment, itis described
as an example that the base station 100 allocates the
CAZAC codes of different sequences to mobile stations
to distinguish the mobile stations from each other. How-
ever, any other method may be used provided that the
base station is able to distinguish the mobile stations from
each other.

[0193] Thus, according to this embodiment, a mobile
station is able to notify the base station of resource re-
quest by changing the procedure of transmitting a pilot
signal (stopping the transmission of a pilot signal of a
mobile station which willmake UL RRin this embodiment)
without using resources dedicatedly allocated to make
resource request. For this reason, no dedicated re-
source is needed for resource request and therefore re-
sources can be used effectively.

[0194] In this embodiment, a mobile station in a
DTX/DRX mode is described as an example. However,
any mobile station where synchronization is maintained
(in other words, a mobile station in an active mode) is
able to use UL RR method described in this embodiment.
[0195] (Eighth Embodiment)

Next, the eighth embodiment will be described in detail
with a mobile station in a DTX/DRX mode as an example
using Fig. 19. In this embodiment, there is described an
aspect where when pilot signals are used which are ar-
ranged in a localized manner and in which two or more
mobile stations are multiplexed using orthogonal codes,
a mobile station which will make resource request makes
aresource request by multiplexing the pilot signals using
orthogonal codes which are different from usual ones.
Fig. 19 is a sequence diagram showing an example of a
change of a pilot signal according to a UL resource re-
quest in the eighth embodiment. Fig. 19 shows a se-
quence diagram of a mobile station (UE) on the left side,
and shows a sequence diagram of a base station (NB)
ontherightside. The operation of UL RR will be described
below using Figs. 6 and 19.

[0196] As shown in Fig. 19, itis assumed that the mo-
bile station 200 in a DTX/DRX mode does not always
communicate with the base station 100, and discontinu-
ously transmits a pilot signal for UL CQIl measurement
in a period when synchronization can be maintained (e.g.
every 500 msec at most), in order to maintain synchro-
nization at least (pilot signal transmission in Fig. 19). Fur-
thermore, Fig. 19 shows that the mobile stations 200
transmit pilot signals which are arranged in a localized
manner and in which two or more mobile stations 200
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are multiplexed using different orthogonal codes in the
same time-frequency positions, to the base station 100,
as pilots for UL CQI measurement. On the other hand,
the base station 100 discontinuously receives the pilot
signal in a period when synchronization can be main-
tained (e.g. every 500 msec at most). Here, itis assumed
that both the base station 100 and the mobile station 200
know in advance the time-frequency positions of the pilot
signals. Furthermore, it is assumed that periodical trans-
mission of a pilot signal and UL RR are performed inde-
pendently with each other.

[0197] A pilot signal for maintaining synchronization is
included in uplink control data. The control data insertion
unit 208 performs channel mapping of uplink transmis-
sion data and uplink control data for which channel coding
has been performed, and the pilot signal is modulated
by the modulation unit 209 and is then up-converted to
an RF frequency and transmitted to the base station 100
through the transmitting antenna 201 by the wireless unit
202.

[0198] In this embodiment, the case is described
where each mobile station 200 uses a CAZAC code to
multiplex the pilot signals arranged in a localized manner.
Specifically, it is assumed that the base station 100 allo-
cates CAZAC codes of different sequences to mobile sta-
tions 200 to distinguish the mobile stations 200 from each
other, and CAZAC codes #1 and #4 are allocated to a
mobile station 200a, CAZAC codes #2 and #5 are allo-
cated to a mobile station 200b, and the CAZAC codes
#3 and #6 are allocated to a mobile station 200c. Then,
the mobile stations 200 perform UL transmission using
the CAZAC codes allocated.

[0199] Fig. 19 shows a state where the mobile stations
200a, 200b, and 200c are discontinuously transmitting
the pilot signals in the same time-frequency regions by
using the different CAZAC codes #1, #2, and #3 in a
period when synchronization can be maintained, and the
pilot signals are multiplexed. Here, it is assumed that
both the base station 100 and the mobile stations 200
know in advance the time-frequency positions of the pilot
signal and which CAZAC codes are allocated to the mo-
bile stations 200.

[0200] In amobile station 200, the control unit 210 de-
termines whether it is necessary to make UL RR (S11).
When the mobile station 200 makes UL RR (Yes at S11),
the control unit 210 indicates the pilot signal control unit
211 that UL RR is made, and the pilot signal control unit
211 transmits the pilot signal using a CAZAC code which
is different from a CAZAC code which has been used
until now in time-frequency regions arranged in a local-
ized manner (S12). In other words, the pilot signal control
unit 211 transmits the pilot signal using a CAZAC code
which is different from a CAZAC code which has been
used until now in time-frequency positions arranged in a
localized manner. This operation corresponds to UL RR.
Here, a case where the mobile station 200a makes UL
RR is described as an example.

[0201] Fig. 19 shows that UL RR was made at the tim-
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ing of UL Resource Request (T1) (a rectangle surround-
ed by a dotted line corresponds to the UL RR), and the
pilot signal is transmitted using a CAZAC code which is
different from a CAZAC code which has been used in
regions with positive slopes in the UL RR. This operation
corresponds to UL RR. When no UL RR is needed (No
at S11), the flow returns to the determination at S11. It
is assumed that both the base station 100 and the mobile
station 200 know in advance that transmitting the pilot
signal using a CAZAC code which is different from a
CAZAC code which has been used until now represents
UL RR.

[0202] The base station 100 receives the pilot signal
by the antenna 101, and the pilot signal is down-convert-
ed from an RF frequency to a baseband by the wireless
unit 102 and is input to the pilot signal detecting unit 111
in the uplink channel estimation unit 104. The base sta-
tion 100 detects that a different CAZAC code is used for
the pilot signal which has been periodically transmitted
until now from the mobile station 200 in a period when
synchronization can be maintained. At that time, the pilot
signal detecting unit 111 of the base station 100 knows
in advance that transmitting the pilot signal using a
CAZAC code which is differentfrom a CAZAC code which
has been used until now represents UL RR, and therefore
determines that a change of the pilot signal is UL RR
(Yes at S21). The pilot signal detecting unit 111 then
outputs a trigger to the scheduling unit 110 to cause it to
perform scheduling. Furthermore, the uplink channel es-
timation unit 104 calculates uplink propagation channel
quality information CQI from the received pilot signal and
inputs it to the scheduling unit 110. Uplink AMC informa-
tion which is an output of the scheduling unit 110 is input
to the control data insertion unit 108 and coupled to down-
link control data and channel mapping is performed. On
the other hand, when the pilot signal detecting unit 111
does not detect UL RR (No at step S21), the flow returns
to step S21.

[0203] Next,the scheduling unit 110 of the base station
100 performs scheduling increasing resources allocated
to an appropriate mobile station using a pilot signal for
UL CQIl measurement (S22) and then transmits UL RA
to the mobile station 200 (S23). In Fig. 19, the scheduling
unit 110 of the base station 100 performs scheduling at
Scheduling (T2) and transmits UL RA at UL Resource
Allocation (T3). At that time, the UL RA includes a UL
scheduling grant and information designating the posi-
tions of time-frequency resources used for UL data trans-
mission. Furthermore, it is desirable that the positions of
time-frequency resources for transmitting UL data des-
ignated by the base station 100 are frequency positions
where the latest pilot signal for UL CQIl measurement
has been received in a stage before UL RR is made.
However, positions designated by the base station 100
are not limited to these frequency positions. Fig. 19
shows an example that a region where the mobile station
200 changed the transmission of a pilot signal (a region
with positive slopes) was designated as the position of a
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time-frequency resource for transmitting UL data. After
that, the UL RA is OFDM-modulated by the OFDM mod-
ulation unit 109, and is up-converted to an RF frequency
and then transmitted to the mobile station 200 through
the antenna 101 by the wireless unit 102.

[0204] On the other hand, the mobile station 200 re-
ceives the UL RA by the antenna 201. The UL RA is
down-converted from an RF frequency to a baseband by
the wireless unit 202 and is then input to the control data
extraction unit 205 through the downlink channel estima-
tion unit 204 and the OFDM demodulation unit 203. The
control data extraction unit 205 extracts UL RA informa-
tion from the UL RA. The mobile station 200 transmits
UL data in a designated AMC mode and at designated
time-frequency positions based on the UL RA informa-
tion. In other words, the mobile station 200 waits for a
certain period (S14) and receives the UL RA (S13). When
receiving the UL RA in the period (No at S14 and Yes at
S13), the mobile station 200 transmits UL data using des-
ignated resources (S15). At UL data transmission (T4)
in Fig. 19, the mobile station 200 (mobile station 200a in
Fig. 19) transmits UL data to the base station 100 using
regions for data transmission (shaded portions) allocated
by the base station 100. Conversely, when the mobile
station 200 is not able to receive UL RA even if a certain
time has passed (Yes at S14), the flow returns to step
S11.

[0205] Additional description will be made to the above
using Fig. 20. Fig. 20 shows an example of a state in the
frequency direction of resources for transmitting a pilot
signal of this embodiment. A state in the frequency di-
rection at a certain time of resources for transmitting the
pilot signal in a stage other than UL RR stage is shown
in the upper part of Fig. 20. Furthermore, a state in the
frequency direction at a certain time of resources for
transmitting the pilot signal at UL RR is shown in the
lower part of Fig. 20. In the upper part of Fig. 20 showing
astage otherthan UL RR stage, the mobile stations 200a,
200b, and 200c are transmitting the pilot signals using
CAZAC codes #1, #2, and #3, respectively, in the fre-
quency regions 1, 2, 3, and 4. In the lower part of Fig. 20
showing UL RR stage, the mobile stations 200b and 200c
are transmitting the pilot signal using CAZAC codes #2
and #3, respectively, while the mobile station 200a is
transmitting the pilot signal using CAZAC code #4, in the
frequency regions 1, 2, 3, and 4

[0206] Inthe base station 100, the pilot signal detecting
unit 111 detects that the mobile station 200a which has
transmitted the pilot signal using not CAZAC code #1 but
CAZAC code #4 is making UL RR, and the scheduling
unit 110 performs scheduling and transmits UL RA to the
mobile station 200a.

[0207] The shorter (1) the transmission interval of the
pilot signal or the UL data transmitted to the base station
by a mobile station and (2) the reception interval of the
pilot signal or the UL data received from a mobile station
by the base station are, the more desirable. In this case,
the intervals may be, for example, the order of one-sub-
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frame length (0.5 msec) or the order of two-subframe
length (1 msec). In addition, it is desirable that the inter-
vals are within a period when synchronization can be
maintained (e.g. 500 msec or less) at most.

[0208] Uptothis point,amethod of intentionally chang-
ing an orthogonal code used to transmit the pilot signal
has been described as UL RR method in this embodi-
ment. However, the UL RR method is not limited to the
above method provided that both the base station and
the mobile stations have in advance common information
about (1) whether changing the method of transmitting
the pilot signal represents UL RR and (2) what is used
as a change pattern of the pilot signal.

[0209] Furthermore, inthis embodiment,itis described
as an example that the base station 100 allocates the
CAZAC codes of different sequences to mobile stations
200 to distinguish the mobile stations 200 from each oth-
er. However, any other method may be used provided
that the base station 100 is able to distinguish the mobile
stations 200 from each other.

[0210] Thus, according to this embodiment, a mobile
station is able to notify the base station of resource re-
quest by changing the procedure of transmitting a pilot
signal (changing a code used by a mobile station which
will make UL RR in this embodiment) without using re-
sources dedicatedly allocated to make resource request.
For this reason, no dedicated resource is needed for re-
source request and therefore resources can be used ef-
fectively.

[0211] In this embodiment, a mobile station in a
DTX/DRX mode is described as an example. However,
any mobile station where synchronization is maintained
(in other words, a mobile station in an active mode) is
able to use UL RR method described in this embodiment.
[0212] (Ninth Embodiment)

The ninth embodiment will be described in detail with a
mobile station in a DTX/DRX mode as an example using
Figs. 21 to 26. In this embodiment, there is described an
aspect where the transmission of a pilot signal is stopped
to make resource request (UL RR). Fig. 21 is a sequence
diagram showing an example of a change of a pilot signal
according to a UL resource request in the ninth embod-
iment. Fig. 21 shows a sequence diagram of a mobile
station (UE) on the left side, and shows a sequence di-
agram of a base station (NB) on the right side. Fig. 22
shows an example of phases of a pilot signal transmitted
in a stage other than UL RR stage (phases of a pilot
signal transmitted at "pilot signal transmission" in Fig.
21).Fig. 22 shows that phases in all bands (all subcarriers
or all resource units) secured for the pilot signal are all |
phase components (0 degrees). Fig. 23 shows an exam-
ple of phases of a pilot signal transmitted at UL RR (phas-
es of a pilot signal transmitted at t = t; in Fig. 21) . Fig.
23 shows that phases are reversed (that is, phases are
turned 180 degrees) over all bands secured for the pilot
signal. The operation of UL RR will be described below
using Figs. 6 and 21 to 23.

[0213] It is assumed that a series of processing pro-
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cedures performed when a mobile station in a DTX/DRX
mode makes UL RR to a base station follow the flow chart
shown in Fig. 6 (left). Furthermore, it is assumed that the
processing procedure performed by the base station at
that time follows the flow chart shown in Fig. 6 (right).
[0214] As shownin Fig. 21, it is assumed that the mo-
bile station in a DTX/DRX mode does not always com-
municate with the base station, and discontinuously
transmits at least a pilot signal for UL CQI measurement
in a period when synchronization can be maintained (e.g.
every 500 msec at most), at certain time-frequency po-
sitions, in order to maintain synchronization. On the other
hand, the base station discontinuously receives the pilot
signal in a period when synchronization can be main-
tained (e.g. every 500 msec at most). Here, itis assumed
that both the base station and the mobile station know in
advance the time-frequency positions of the pilot signal.
Furthermore, it is assumed that periodical transmission
of a pilot signal and UL RR are performed independently
with each other.

[0215] A pilot signal for maintaining synchronization is
included in uplink control data. The control data insertion
unit 208 performs channel mapping of uplink transmis-
siondata and uplink control data for which channel coding
has been performed, and the pilot signal is modulated
by the modulation unit 209 and is then up-converted to
an RF frequency and transmitted to the base station 100
through the transmitting antenna 201 by the wireless unit
202.

[0216] In a mobile station 200, the control unit 210 de-
termines whether it is necessary to make UL RR (re-
source request) (S11). When the mobile station 200
makes UL RR (Yes at S11), the control unit 210 indicates
the pilot signal control unit 211 that UL RR is made, and
the pilot signal control unit 211 intentionally changes the
phases of the pilot signal (S12). Fig. 21 shows that UL
RR was made at the timing of "UL Resource Request" (t
=1,). Arectangle surrounded by a dotted line represents
the timing with which a transmitted pilot signal was
changed. Forexample, as shownin Fig. 21, itis assumed
that the phase components of a pilot signal transmitted
for maintaining usual synchronization at t = to were only
| phase components as shown in Fig. 22. Next, when UL
RR is made (t = t) , the phases of all subcarriers or all
resource units of the pilot signal are rotated 180 degrees
as shown in Fig. 23. This operation corresponds to UL
RR.

[0217] Here, it is assumed that both the base station
100 and the mobile station 200 know in advance that
rotating 180 degrees the phases of the pilot signal which
has been transmitted for maintaining the synchronization
represents UL RR by implication.

[0218] The base station 100 receives the pilot signal
by the antenna 101, and the pilot signal is down-convert-
ed from an RF frequency to a baseband by the wireless
unit 102 and is input to the pilot signal detecting unit 111
in the uplink channel estimation unit 104. It is assumed
that the pilot signal detecting unit 111 of the base station
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100 always monitors a phase change of a pilot signal.
Now, it is assumed that the pilot signal detecting unit 111
of the base station 100 knows in advance that rotating
the phases of the pilot signal 180 degrees represents UL
RR by implication. When detecting that the phases of the
pilot signal which has been periodically transmitted by
the mobile station until now in a period when synchroni-
zation can be maintained have beenrotated (Yes at S21),
the pilot signal detecting unit 111 determines that UL RR
was made. When detecting that UL RR was made, the
pilot signal detecting unit 111 outputs a trigger to the
scheduling unit 110 to cause it to perform scheduling.
Furthermore, the uplink channel estimation unit 104 cal-
culates uplink propagation channel quality information
CQlI from the received pilot signal and inputs it to the
scheduling unit 110. Uplink AMC information which is an
output of the scheduling unit 110 is input to the control
data insertion unit 108 and coupled to downlink control
data and channel mapping is performed. On the other
hand, when the pilot signal detecting unit 111 does not
detect UL RR (No at step S21), the flow returns to step
S21.

[0219] Next, the scheduling unit 110 of the base station
100 performs scheduling increasing resources allocated
to an appropriate mobile station using a pilot signal for
UL CQIl measurement (S22) and then transmits UL RA
to the mobile station (S23). In Fig. 21, the scheduling unit
110 of the base station 100 performs scheduling at
"Scheduling" and transmits UL RA at "UL Resource Al-
location". At that time, the UL RA includes a UL sched-
uling grant and information designating the positions of
time-frequency resources used for UL data transmission.
After that, the UL RA is OFDM-modulated by the OFDM
modulation unit 109, and is up-converted to an RF fre-
quency and then transmitted to the mobile station 200
through the antenna 101 by the wireless unit 102.
[0220] On the other hand, the mobile station 200 re-
ceives the UL RA by the antenna 201. The UL RA is
down-converted from an RF frequency to a baseband by
the wireless unit 202 and is then input to the control data
extraction unit 205 through the downlink channel estima-
tion unit 204 and the OFDM demodulation unit 203. The
control data extraction unit 205 extracts UL RA informa-
tion from the UL RA. The mobile station 200 transmits
UL data in a designated AMC mode and at designated
time-frequency positions based on the UL RA informa-
tion. In other words, the mobile station 200 waits for a
certain period (S14) and receives the UL RA (S13).
When receiving the UL RA in the period (No at S14 and
Yes at S13), the mobile station 200 is able to transmit
UL data using designated resources (S15). At "UL data
transmission" in Fig. 21, the mobile station 200 transmits
UL data to the base station 100 using regions for data
transmission (shaded portions) allocated by the base sta-
tion 100. Conversely, when the mobile station 200 is not
able to receive UL RA even if a certain time has passed
(Yes at S14), the flow returns to step S11.

[0221] The shorter (1) the transmission interval of the
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pilot signal or the UL data transmitted to the base station
by the mobile station and (2) the reception interval of the
pilotsignal or the UL data received from the mobile station
by the base station are, the more desirable. In this case,
the intervals may be, for example, the order of one-sub-
frame length (0.5 msec) or the order of two-subframe
length (1 msec). In addition, it is desirable that the inter-
vals are within a period when synchronization can be
maintained (e.g. 500 msec or less) at most.

[0222] Up to this point, a method of intentionally rotat-
ing 180 degrees the phases of the pilot signal transmitted
has been described as UL RR method in this embodi-
ment. Other methods of changing the phases of the pilot
signal transmitted from the mobile station 200 to the base
station 100 which may be used as UL RR method are
described in Figs. 24 to 26. In other words, as shown in
Fig. 24, the phases of multiple consecutive subcarriers
or multiple consecutive resource units of all bands of a
pilot signal may be rotated 180 degrees. Furthermore,
as shown in Fig. 25, the phases of the subcarriers or the
resource units of all bands of a pilot signal may be rotated
180 degrees every two or some subcarriers or resource
units. Furthermore, as shown in Fig. 26, the phase of
only one subcarrier or only one resource unit of all bands
of a pilot signal may be rotated 180 degrees.

[0223] The amount of phase rotation is not limited to
the above numeric value and may be 90 degrees or 270
degrees, for example.

[0224] In addition, a method of expressing the UL RR
is not limited to the above methods provided that both
the base station and the mobile station have in advance
common information about (1) whether changing the
method of transmitting the pilot signal represents UL RR
by implication and (2) what is used as a change pattern
of the pilot signal. Thus, according to this embodiment,
the mobile station is able to notify the base station of
resource request by changing the procedure of transmit-
ting a pilot signal (changing the phases of a pilot signal
in this embodiment) without using resources dedicatedly
allocated to make resource request. For this reason, no
dedicated resource is needed for resource request and
therefore resources can be used effectively.

[0225] In this embodiment, a mobile station in a
DTX/DRX mode is described as an example. However,
any mobile station where synchronization is maintained
(in other words, a mobile station in an active mode) is
able to use UL RR method described in this embodiment.
[0226] Furthermore, in the above description, the dif-
ference between a time when the last pilot signal was
transmitted before making UL RR and a time when UL
data is transmitted in the case that no pilot signal was
transmitted for UL RR is desired to be a period of time
when synchronization can be maintained. Furthermore,
the difference between a time when the last pilot signal
was transmitted before making UL RR and a time when
a pilot signal is transmitted for UL RR in the case that a
pilot signal is transmitted for UL RR is desired to be a
period of time when synchronization can be maintained.
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For example, in Fig. 21, in the case that a pilot signal is
transmitted for UL RR, the difference between a time (t
= ty) when the last pilot signal was transmitted before
making UL RR and a time (t = t;) when a pilot signal is
transmitted for UL RR is desired to be a period of time
when synchronization can be maintained. Furthermore,
in the case that no pilot signal is transmitted for UL RR,
the difference between a time (t = t,) when the last pilot
signal was transmitted before making UL RR and a time
(t = t,) when UL data is transmitted is desired to be a
period of time when synchronization can be maintained.
[0227] Supportforthe claims and further embodiments
are defined in the following itemized list:

1. A communication terminal apparatus applied to a
wireless communication system in which a commu-
nication control apparatus allocates resources used
when said communication terminal apparatus per-
forms wireless transmission to said communication
control apparatus, said communication terminal ap-
paratus comprising:

a determination unit determining whether to
make resource request to said communication
control apparatus; and

a signal control unit which transmits a signal
used to maintain time-frequency synchroniza-
tion with said communication control apparatus
to said communication control apparatus ac-
cording to a first transmission procedure for
maintaining said synchronization, while trans-
mitting said signal to said communication control
apparatus according to a second transmission
procedure indicating resource request when
said determination unit has determined to make
resource request.

2. The communication terminal apparatus of item 1,
wherein said second transmission procedure is dif-
ferentfrom said first transmission procedure in trans-
mission timing of said signal.

3. The communication terminal apparatus of item 1,
wherein said second transmission procedure is dif-
ferent from said first transmission procedure in part
of frequency components of said signal.

4. The communication terminal apparatus of item 1,
wherein said second transmission procedure is dif-
ferent from said first transmission procedure in an
orthogonal code used when said signal is multi-
plexed using an orthogonal code.

5. The communication terminal apparatus of any of
items 1, 3, and 4, wherein said second transmission
procedure is different from said first transmission
procedure in phases of said signal.
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6. The communication terminal apparatus of any of
items 1 to 5, wherein said signal is a pilot signal.

7. A communication control apparatus comprising:

a detecting unit detecting that said signal has
been transmitted according to said second
transmission procedure when receiving said sig-
nal from the communication terminal apparatus
of any of items 1 to 6; and

a scheduling unit performing scheduling for al-
locating new resources to said communication
terminal apparatus when said detecting unit de-
tects that said signal has been transmitted ac-
cording to said second transmission procedure.

8. A wireless communication system comprising:

the communication terminal of any of items 1 to
6; and

the wireless communication control apparatus
of claim 7.

9. A resource allocation request method applied to
a wireless communication system in which a com-
munication control apparatus allocates resources
used when a communication terminal apparatus per-
forms wireless transmission to said communication
control apparatus, wherein:

said communication terminal apparatus
transmits a signal used to maintain time-fre-
quency synchronization between said commu-
nication terminal apparatus and said communi-
cation control apparatus to said communication
control apparatus according to a first transmis-
sion procedure for maintaining said synchroni-
zation, and on the other hand

transmits said signal to said communication
control apparatus according to a second trans-
mission procedure indicating resource request
when requesting said resources; and

said communication control apparatus

detects that said signal has been transmitted ac-
cording to said second transmission procedure
when receiving said signal from said communi-
cation terminal apparatus,

performs scheduling for allocating new resourc-
es to said communication terminal apparatus,
and

notifies said communication terminal apparatus
of the result of said scheduling.

Claims

A mobile station which is applied to a wireless com-
munication system, in which a base station allocates
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resources used when said mobile station performs
wireless transmission to said base station, and trans-
mits a reference signal at a predetermined timing to
said base station, said mobile station stopping the
transmission of said reference signal when request-
ing the resources.

A transmission method of a mobile station which is
applied to a wireless communication system, in
which a base station allocates resources used when
said mobile station performs wireless transmission
to said base station, and transmits a reference signal
at a predetermined timing to said base station, said
mobile station stopping the transmission of said ref-
erence signal when requesting the resources.
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FIG.22
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FIG.23
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